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PROHIBITING MILITARY WEATHER MODIFICATION

WEDNESDAY, JULY 26, 1972

UNITED STATES SENATE,
SuBCcOMMITTEE ON OCEANS AND
INTERNATIONAL ENVIRONMENT OF THE
CommiTTEE ox ForeieNy REraTions,
Washington, D.C.
The subcommittee met, pursuant to notice, at 10 a.m. in room
4221. New Senate Office Building, Senator Claiborne Pell (chairman)
presiding.
Present: Senators Pell and Case.
Senator PELL. The subcommittee will come to order,

OPENING STATEMENT

This morning the Subcommittee on Oceans and Internationa
Environment opens its public hearings on Senate Resolution 281

This resolution expresses the sense of the Senate that the United
States should seek the agreement of other Governments to a proposed
treaty prohibiting the use of any environmental or geophysical
modification :l{'ti\'ii_\' as a weapon of war.

A number of Senators have done me the honor of joining with me
in cosponsoring this resolution.

[ offered this resolution because it was becoming increasingly clear
that the potential for offensive military uses of environmental and
geophysical modification is very real.

There was also a growing concern among knowledgeable members
of the scientific community that development and use of these mod-
ification techniques, without limitation, could have awesome
consequences,

(Text of S. Res. 281 and coordinated executive branch comments
follow:)

RESOLUTION Expressing the sense of s Sers I i tates Grovernmoent &l
wreement of other governments sroh p { any eny
I gleal modification activity as CAr 3

with respect thereto

Wheredas there is vast seientific potential for human betterment through environ-
mental and geophysieal controls; and

Whereas there is great danger to the world ecological system if environmental
and geophysical modification activities are not controlled or if used indiserimi-
nantly; and

Whereas the development of weapons-oriented environmental and geophysieal
modification activities will ereate a threat to peace and world order; and

Whereas the United States Government should seek agreement with other
governments on the complete cessation of any research, experimentation, or
(se of any such activity as a weapon of war: Now, therefore, be it

(1)




Resolved, That it is the sense of the Senate that the United States Government
should seek the agreement of other governments to the following treaty providing
for the complete cessation of anv research, experimentation, and use of any
environmental or geophysical modification activity as a weapon of war:

“The Parties to this Trl'nl_\,

“Reecognizing the vast seientifie potential for human betterment through
environmental and geophvsieal controls,

““Aware of the great danger to the world ecological system of nneontrolled
and indiscriminate use of environmental and geophysical modification
activities,

“ Recognizing that the development of weapons-oriented environmental
and geophysical modification techniques will create a threat to peace and
world order,

“ Proclaiming as their principal aim the achievement of an agreement on
the complete eessation of research, experimentation, and use of environmental
and geophysical modification activities as weapons of war,

“Have agreed as follows:

“ArTticLE 1

(1) The States Parties to this Treaty undertake to prohibit and prevent, at
any place, any environmental or geophysical modification activity as a weapon
of war;

“(2) The prohibition in paragraph 1 of this article shall also apply to any
research or experimentation relating to the development of any such activity
as a weapon of war;

el 4 The States Parties to this ’l‘r:-m.\- undertake not )y assist, encourage or
induce any State to carry out activities referred to in paragraph 1 of this article
and not to participate in any other way in such actions.

“ArticLe 11

“In this Treaty, the term ‘environmental or geophysieal modification aetivity’
includes any of the following activities:

“(1) any weather modification aetivity which has as a purpose, or has as
one of its principal effects, a change in the atmospherie conditions over any
part of the earth’s surface, including, but not limited to, any activity designed
to increase or decrease precipitation, inerease or suppress hail, lightning, or
fog, and direct or divert storm systems;

“(2) any elimate modification activity which has as a purpose, or has as
one of its principal effects, a change in the long-term atmospheric econditions
over any part of the earth's surface;

“(3) any earthquake modification activity which has as a purpose, or has
as one of its principal effects, the release of the strain energy instability
within the solid rock lavers beneath the earth’s erust;

“(4) any ocean modification activity which has as a purpose, or has as
one of its principal effects, a change in the ocean currents or the creation of
a seismie disturbanee of the ocean (tidal wave).,

“Articne 111

“Five years after the entry into foree of this Treaty, a conference of Parties
shall be held at Geneva, Switzerland, in order to review the operation of this
Treaty with a view to assuring that the purposes of the preamble and the pro-
visions of the Treaty are being realized. Such review shall take info account any
relevant technological developments in order to determine whether the definition
in Article II should be amended.

“ArTticLe IV

“1. Any Party may propose an amendment to this Treaty. The text of any
proposed amendment shall be submitted to the Depositary Governments which
shall circulate it to all Parties to this Treaty. Thereafter, if requested to do so
by one-third or more of the Parties, the Depositary Governments shall convene
a conference to which they shall invite all the Parties, to consider such amendment.

Y2, Any amendment to this Treaty shall be approved by a majority of the votes
of all the Parties to this Treaty. The amendment shall enter into foree for all
Parties upon the deposit of instruments of ratification by a majority of all the
Parties.




“ARTICLE V

1. This Treaty shall be of unlimited duration.

2. Each Party shall in exercising its national sovereignty have the right to
withdraw from the Treaty if it decides that extraordinary events, related to the
subject matter of this Treaty, have jeopardized the supreme interests of its coun-
trv. It shall give notice of such withdrawal to all other Parties to the Treaty three
months in advance.

“ArTicLE VI

“1, This Treaty shall be open to all States for signature. Any State which does
not sign this Treaty before its entry into foree in accordance with paragraph 3 of
this Article may accede to it at any time.

9 This Treaty shall be subjeet to ratification by signatory States. Instruments
of ratification and instruments of accession shall be deposited with the Govern-
ments of the United States of America, , and which are hereby
designated the Depositary Governments.

3 This Treaty shall enter into foree after its ratifieation by the States, the
Giovernments of which are designated Depositaries of the Treaty.

‘4 For States whose instruments of ratification or accession are deposited sub-
sequent to the entry into foree of this Treaty, it shall enter into force on the date
of the deposit of their instruments of ratification or accession.

5. The Depositary Governments shall promptly inform all signatory and ac-
ceding States of the date of each signature, the date of deposit of each instrument
of ratifieation of and aceession to this Treaty, the date of its entry into force, and
the date of receipt of any requests for conferences or ot her notices.

‘g, This Treaty shall be registered by the Depositary GGovernments pursuant
to Artiele 102 of the Charter of the United Nations.”

DEPARTMENT OF STATE,
Washington, D.C., May 15, 1972.
Hon. J. W. FULBRIGHT,
Chairman. Commitiee on Foreign Relations,
[7.8. Senale.

Dear Mi Cuaeman: The Secretary has asked me to reply to your letter of
Mareh 21, 1972, requesting coordinated Executive Branch comments on 8. Res.
281. This resolution would express the sense of the Senate that the United States
Government should seek the agreement of other governments to a treaty prov iding
for the complete cessation of any research, experimentation and use of any
environmental or geophysical modification activity as a weapon of war. The text
of a draft treaty is incorporated in the resolution.

As recently as March 16, 1972, the President in his message to the Congress on
<cience and technology has stressed the potential importance of our earthguake
and hurricane research efforts in reducing loss of life and property from natural
disasters. This emphasis is consistent with the view expressed in i he resolution that
sieh activities may contribute to human betterment.

As the Committee is aware, the Executive Branch has conducted a preliminary
inter-ageney review of questions related to international aspects of weather
modification. However, this review did not deal fully with several aspects of 8.
IRes. 281 and guestions that arose relating to other important aspects still remain
unanswered. Therefore, the Department is not in a position to comment on the
<ubstance of 8. Res. 281 and recommends that the resolution not be adopted at
this time.

The Office of Management and Budget advises that from the standpoint of the
Administration’s program, there is no objection to the submission of this report.

Nineerely yours,
Davip M. ABSHIRE,
Assislant Secretary for Congressional Relations.

REPORTS OF U.S. WEATHER MODIFICATION OPERATIONS IN
SOUTHEAST ASIA

In addition, there have been unconfirmed and unofficial reports that
the United States has or is attempting to manipulate weather in
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Southeast Asia as a weapon of warfare. These reports have served to
deepen my own concern.

My own concern started before these reports, I may add.

As chairman of this subcommittee, I wrote the Defense Department
on September 23, 1971, requesting specific information about such
activities. That is more than 9 months ago.

After 4 months of correspondence, which I made public on the floor
of the Senate on January 26 of this year, the Defense Department
declined to answer my questions on the basis that such replies would
threaten the national security.

This response, coupled with the revelations made in recent articles
by several investigative reporters, leaves no doubt in my mind that
the United States has indeed been conducting weather modification
operations in Southeast Asia.

This is a situation which I find extremely distressing. Rainmaking
as a weapon of war can only lead to the development of vastly more
dangerous environmental techniques whose consequences may be
unknown and may cause irreparable damage to our global environ-
ment. This is why the United States must move quickly to ban all
environmental or geophysical modification techniques from the arse-
nals of war,

The United States has been preeminent in the field of meteorology
and has played a leading role in the development of international
scientific collaboration in the area of long-range weather forecasting.

The military use of weather modification techniques could seriously
jeopardize these peaceful scientific programs and could undermine all
future international cooperation on environmental matters.

WHAT UNITED STATES SHOULD DO

Therefore, it is imperative that the United States enunciate a
national policy on this subject, which would dedicate all environ-
mental and geophysical modification efforts to peaceful purposes.
Instead of its official silence and actions condoning a gradual drift into
environmental warfare, the administration should actively explore

both the advantages of a renunciation of such operations and the pos-

sible benefits stemming from an initiative for a multilateral “no first
use” agreement. In the absence of such a ban, the way has been left
open to the planning, development, and prosecution of deliberate
environmental or geophysical warfare.

The United States, as Cochairman of the United Nations Disarm-
ament Committee, should take the initiative in framing and introduc-
ing to the committee a broad treaty imposing a prohibition on all forms
of geophysical and environmental warfare. By these actions the United
States would enhance world order and stability, and encourage a
greater sense of openness in the application of new technologies to
environmental problems of global concern.

At this point I would like to have inserted into the record various
newspaper articles from the Providence, R.1., Journal, from the New
York Times, and from the Washington Post.

(The articles referred to follow:)
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[From the Providence (Rhode Island) Journal, June 26, 1972]
PerL Feers U.S. Waces WeATHER WARFARE
(By Bruce DeSilva)

Wasningrox.—The Pentagon has the power to change the weather and already
mayv have nsed that power to kill and destroy in Southeast Asia.

T strongly believe clouds have been seeded in Southeast Asia for military
reasons. There is very little doubt in my mind,” Sen. Claiborne Pell said during
an interview in his Washington office last week.

David Keaney, a member of the professional staff of the Senate foreign relations
committee, is less cautious. ‘I have no doubt at all,”” he said.

Senator Pell said he believes the military has been seeding clouds, perhaps be-
ginning as early as 1966, to clear them away from bombing targets in North
Vietnam. He said he also believes seeding with other chemicals has produced
torrential rains. The rains have washed out portions of the Ho Chi Minh Trail
impeding the infiltration of supplies and men from North to South Vietnam, and
caused floods which killed thousands, he said.

Defense Department spokesmen have admitted that they have the capability
to drastically increase rainfall, but in a sharp exchange of letters with Senator Pell
and in a sharp exchange in a Senate foreign relations committee hearing with Sen.
J. William Fulbright of Arkansas, they have refused to confirm, but carefully
avoided denying, that such activities are under way in Southeast Asia.

Beginning in June of last yvear and lasting well into the normally dry season in the
fall, North Vietnam was devastated by heavy rains, typhoons and floods.

According to reports by Pierre Darcourt, a French journalist, the heavy rains
triggered mud slides, washed away or weakened roads and breached dikes. ¥

The Associated Press reported that flooding destroyed 10 percent of the country's
rice erop and killed thousands.

North Vietnamese Premier Pham Van Dong, the Christian Science Monitor
reported, said water levels in the entire Red River and Thai Binh River system
rose to ‘unprecedented levels.”” He called the flooding the “worst disaster since
the beginning of the war.”

An act of God? Perhaps.

But Senator Pell said he believes the disaster was merely the most successful
of Pentagon rainmaking efforts in the region.

The best evidenee that the Pentagon is altering the weather is provided in brief
remarks in the Pentagon Papers. The significance of the remarks apparently went
largely unnoticed during the furor of other sensational disclosures in the documents.

According to the Gravel edition of the papers, Volume 4, Page 421, the Joint
Chiefs of Staff presented President Lyndon B. Johnson with a memo in 1967
suggesting that modifying the weather in the region might be one way of widening
the war without creating dissent at home.

The memo stated in part:

“Laos Operations—Continue as at present plus Operation Pop Eye to reduce
trafficability along infiltration routes. Authority/Policy Changes—Authorization
required to implement operational phase of weather modification process prey iously
suceessful tested and evaluated in some area.”

Later that vear, the President was presented with a list of escalation proposals,
the Papers indieate. The list included the following item:

“Cause interdicting rains in or near Laos."”

Other evidence concerning the rainmaking efforts are circumstantial.

In Mareh of last year, Jack Anderson, a nationally syndicated columnist,
¢laimed in his column that the Air Foree has been seeding clouds over Laos and
Cambodia since 1967. He said the project went by the code name of “Inter-
mediary-Compatriot."

Unlike other Anderson eolumns, such as the one on the ITT memo or the
disclosure of a seeret U.S. posture during the Indin-Pakistan war, this column
went largely unnoticed nationally.

Last Sept. 23, Senator Pell sent a letter to Rady Johnson, assistant secretary
of defense for legislative affairs, inquiring about “the Air Force weather modifi-
cation activities against the North Vietnamese."

The letter, and all subsequent communieation, was made public by the senator
and was inserted in the Jan. 26 Congressional Record.




The letter asked the following questions:

J What are the objectives of the project known by the code name ‘Inter-
mediarv-Compatriot’?

“2. How long has this projeet been in existence? Would vou provide a rather
detailed deseription of this project?
“3. In what specifie countries is this project conducted?

What amounts have been spent on this project over the last three vears?

Is the Department conducting any similar offense-oriented weather modi-
fication programs? If so, what are the names of these projeets and where are they
being condueted?”

ANOTHER LETTER

The following day, Mr. Johnson replied, saying the questions had been referred
to the director of defense research and engineering.

After waiting for a response for two weeks, Senator Pell sent another letter to
Mr. Johnson, again asking for a reply to his earlier questions.

On Nov. 23, Mr. Johnson sent the senator a lengthy reply.

The reply stated in part that “the possibilities inherent in weather modification
techniques to support military operations have been the subjeet of discussion for
more than 20 years. For a number of these vears, the Department of Defense has
been conducting several modest research and development programs relating to
various forms of weather modification.”

In the letter, Mr. Johnson stated that research has been undertaken for “the
suppression of hail and lightning (to reduce damage to military property and
equipment and to increase safety of operations) and the dissipation of fog at air-
ports and within harbors (to enhanee operations of safety o raft and ships.)"”

“RELATIVELY SIMPLE"

The letter added that “One example of fruitful field research has been the in-
vestigation of preeipitation augmentation. . . . When the proper meteorological
conditions prevail (that is, when elouds eapable of producing n: al rain exist) it
is a relatively simple matter to inerease the amount of rain which will fall, The
amount of increase is frequently of the order of 30 to 50 per cent.”

Mr. Keaney said some seientists have told him the inerease could actually be
ten or 20 times that. However, he noted, a 50 per cent inerease in the monsoon
rains of Southeast Asia can have a tremendous impaet.

Mr. Johnson's letter noted that in 1969, the Department of Defense, at the
request. of the Philippines, conduected a six-month rainmaking project on the
Philippine Islands to r e a drought. “The Philippine government considered
the undertaking so successful that they have subsequently taken steps to aequire
an independent capability,” the letter added.

“I trust,” the letter closed, “that the foregoi information will be helpful
to you and regret the delay in responding to yvour inquiry.”

QUESTIONS UNANSWERED

But the letter did not answer a single one of Senator Pell’s questions.

Senator Pell sent a letter to Defense Seeretary Melvin Laird on Dee. 3 stating
his dissatisfaction with Mr. Johnson’s letter and requesting “a written response
to the specifie questions.”

Mr. Laird referred the letter to John S, Foster Jr., director of defense research

ing, who sent a written reply to Senator Pell on Dec. 16.

ain aspeets of our work in this area are classified,” Mr. Foster's letter
said. “Recognizing that the Congress is concerned with the gquestion of the military
application of weather modification technology, 1 have, at the direction of Seere-
tary Laird, seen to it that the chairmen of the committees of Congress with pri-
mary responsibility for this department’s operations have been completely in-
formed regarding the details of all classified weather modification undertakings
by the department.

“RESPECTFULLY DECLINE'

“However, since the information to which I refer has a definite relationship to
national seeurity and is classified as a result, I find it necessary to respectfully
decline to make any further disclosures of the details of these activities at this
time."’

sSenator Pell said he understood the letter to mean that only Sen. John Stennis,
D-Miss., and Rep. F. Edward Hébert, D-La., the chairman of the Senate and House
armed serviees committees, had been briefed on the matter.
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The briefings were confidential and make it impossible for those twao legislators
to discuss the matter even if they want to.

Senator Pell said he has been offered a classified briefing but has declined to
aceept it because it would limit his ability to ask Defense Department officials
probing questions about the projeet at future Senate hearings and limit his
freedom to speak out on the subjeet.

LARGELY UNNOTICED

When My, Laird appeared before the foreign relations committee in April to
testify concerning renewed bombing of the North, Senator Pell and Senator
Fulbright questioned him briefly on weather modifieation. The exchange went
largely unnoticed in the press.

Senator Pell asked Mr. Laird if the United States had engaged in rainmaking
activities ““for military reasons in Southeast Asia.”

Mr. Laird replied, "I don't diseuss the operating authority that we go forward
with as far as Southeast Asia specifieally, but T would be glad to discuss with you
the technigues that have been used outside the battle zone,"”

Senator Fulbright asked, “Why do you decline to discuss weather control
activities in North Vietnam, vet you freely discuss B-52 flights over North
Vietnam?"’

After a brief exchange between Mr. Laird and Senator Fulbright, Mr. Laird
said, “We have never engaged in the type of activity over North Vietnam."”

Senator Pell said last week that Mr. Laird carefully
“activity over North Vietnam.” It would be expeeted that elouds would be s
over Laos or Cambodia or over the Tonkin Gulf, depending on the time of year,
rather than over North Vietnam, Senator Pell added.

The senator said the Defense Department has been “extremely sensitive’’ to
questioning about weather modification and that information about it has been
difficult to get.

Such an operation is easy to keep secref, beeanse three men in a small plane are
all that is needed to carry it out. Large numbers of men need not be involved, the
senator said.

Senator Pell said ove indieation that the Pentagon is involved in weather modi-
fication over Vietnam is the United States’ deeision to torpedo a resolution on
weather modification at the United Nations Environmental Conference in Stock-
holim earlier this month.

A resolution on the question reguired that before taking any action that might
have an effect on the climate, a government shonld evaluate the change thatb
could oeeur and disseminate its findings.

“IT GIVES THEM AN ouT”’

The United States succeeded in amending the agreement to say thai informas=
tion will'be disseminated ‘“ to the maximum extent feasible.”

“Tt gives them an out. They can say that dissemination is not feasible for secu-
rity reasons,”’ Senator Pell said.

Fearful that the Pentagon’s tinkering with natural phenomenon may not be
limited to make rain, Senator Pell has prepared a draft of a treaty that would ban
all weather and climate modification activities as weapons of war.

On March 17. he introduced a resolution in the Senate stating that it is “the
sense of the Senate” that such a treaty be negotiated. Among its 14 sponsors are
Senators Bdward M. Kennedy of Massachusetts, George MeGovern of South
Dakota, and Hubert 1. Humphrey, Minnesota.

“When I proposed the seabed treaty (banning nuclear arms from the ocean
floors), a string of ABM’s along the Atlantic Ridge and ereepyeraw lers (tank-like
weapons that would erawl along the ocean floor) were on the drawing board at the
Pentagon.” Senator Pell said.

CAN LEAD TO DISASTER

Weather modification is also “a weapon that ean lead to disaster,” he said.

If the Pentagon can make rain, is it also trying to develop ways to divert ty-
phoons to the shores of other nations or cause earthquakes? the senator wondered.

Without a treaty banning such activities, an inland nation eould melt the
antaretic ice (which can be easily done by sprinkling soot on it according to scien-
tists) and raise the level of the sea by 300 feet, he said.
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Senator Pell referred to an article by Gordon J. F. MeDonald, a member of the
Couneil for Environmental Quality in the Nixon administration, which was printed
in 1968 in a book titled “Unless Peace Comes.”

In the article, Mr. McDonald said weather and elimate modification “might be
carried out covertly since nature's great irregularity permits storms, flooding,
carthquakes, and tidal waves to be viewed as unusual but not unexpected.”

OB EVEN KNOWN

“Such a secret war will never be declared or ever known by the affected popula
tion. Tt could go on for years with only the security forces involved, being aware
of it,” the article stated.

‘These are the kinds of weapons T don't want to see developed,” Senator Pell
said, adding that the Soviet Union is doing research on weather and climate
modification.

Senator Pell said he plans hearings on his resolution and treaty late next month
or in August.

He said he expeets to have “some execiting witnesses” for the hearings and hopes
the hearings will “flush out’ the truth conecerning Pentagon weather modification
activities,

[From the Washington Post, July 2, 1972]
Wearner War: A GarHBrING SToRM
{'n}' Vietor Cohin)

Technological America, that accomplished laser-radar-electronic warrior, has
been learning to use still another remote-control weapon: control of » weather
for military purposes.

Indoch by the evidence of a long-ignored passage in the Pentagon Papers
has been a test battleground, the site of purposeful rain-making along the Ho Chi
Minh trails. Some accusers, going further, hold American rain-makers responsible
for the flood disasters that struck North Vietnam last year.

How much there is past a hard kernel of truth behind an array of inereasingly
serious accusations is unelear. Yet the very possibility that there has been serious
weather war—: ell as the emerging fact that the Pentagon has been svstemati-
cally developing a rain-making capabilitv—is enough to chill many scientists.

These scientists include fearful prophets who warn of future “geophysical
warfare”—wars waged by adjusting, changing, modifying and ultimately de-
spoiling the air, water and earth.

They also inelude a growing number of weather-modifiers, scientists interested
in the peaceful uses of see clouds, modifying hurricanes or preventing hail to
help farmers and everyone else,

OPERATION POP EYE

means making the proper elonds vield rain, or de-

3 them with silver iodide particles. The particles

act as condensation nuelei around which moisture can form. The would-be eloud

igineers want to develop sueh programs through international cooperation, be-
cause both weather and weather modification ignore borders.

Weather modification, t e men believe, is on the verge of huge advances, and
needs -n'll_\' i En-['iﬂfl of concentrated research, in a framework of interstate and
international rules,

But ““if it turns out that the U.S. has militaristic uses for weather modification,”
one weather scientist maintains, “international weather Programs wontld liir-l:
dead.”

A prominent White House scientist, Dr. Gordon J. F. MacDonald, geophysicist-

ember of the President’s three-man Couneil on Environmental Quality, is among
those who believe it is important for nations to agree not to wage weather war
“before,” as he put it, “it becomes a reality.”

Sen. Claiborne Pell (D-R.1.) is prominent among members of Congress who
believe it has become a reality. “There is very little doubt in my mind,” he says.
“1-}1. Gilbert Gude (R-Md.) states: “There’s no doubt in my mind that it's going
on in Vietnam."
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affect the gl ’s year-to-vear climate rather than the day-to-day conditions
called weathe

Nile Blue | been funded this vear at $2.5 million but will rise to $3.1 million
i fiseal 1973, with uze of a new super-computer, Hliae IV, designed at the Uni-
versity of llinois and now being installed at Ames Research Center, Moffett Field,
Calif

Defending the projeet, ARPA Direetor Stephen J. Lukasik told the Senate
Appropriations Committee in March: “Sinee it now appears highly probable that
major world powers have the ability to ereate modifieations of elimate that might
be seriously detrimental to the security of this country, Nile Blue . . . was estab-
lished in FY 70 to achieve a U.S. capability to (1) evaluate all consequences of
a variety of possible actions . . . (2) detect trends in the global cireulation which
foretell changes , . . and (3) de termine if possible, means to counter potentially
deleterious climatie changes .

“What this means," Lukasik e \| lains, “is learning how much you have to tickle
the atmosphere to perturh the earth’s elimate. I guess we'd call it a threat assess-
ment,

A VISION OF ECOCIDE

How might such changes be made by one eountry desiring to harm another?
The highly respected Dr. MaeDonald, who will leave the White House soon to
teach at Dartmouth, wrote a 1968 warning against geophysical warfare, titled
“How to Wreck the Environment.” On weather war in Indochina, he now says
only, “I wouldn't know about that.” But meliing the Aretic ice cap by some
means, he conjectured in 1968, might be one future way in which a land-locked
equatorial country could flood the world’s coastal eities while insuring itself a
temporate climate with abundant rainfall.
!I*-Ilull]lt competition among many advanced nations heightens,” he
warned, “it may be to a country’s advantage to ensure a peaceful natural environ-
? and a disturbed environment for its competitors. Operations -
carrvied out covertly . . . The vears of drought and storm would be at-
tributed to unkindly nature and only after a nation were thoroughly drained
wontld ¢ armed 1t 1]-\1 qaver be attempted.”
Far-fetched? Short-term rain-making—which MacDonald in 1968 called only
a “future” military possibility—already seems an easier, if capricious, weapon.
“When the proper meteorological conditions prevail (that is, when clouds
capable of producing natural rain exist),” Laird told Sen. Pell in a November
letter, “it is a relatively simple matter to inerease the amount fof rain which will
fall. The amount of increase is frequently of the order of 30 to 30 per cent.”
Laird ecarefully added: “*Massive downpours have not been produced, and
theoretical knowledge at hand indicates that this will [rl‘nllrz}\l\' always be the
case.’” This, if obligue, seemed to quarrel with the allegations that the 1¢
\ullh Vietnam floods had been produced by the Pentagon. Pell, however, ma
tains that U.S. cloud-seeding produced the floods, which he says killed thousands.

“IT 1S ENTIRELY POSSIBLE"

Robert M. White, the nation’s f weather man as director of the Commerce
Department’s National Oceanographie and Atmospherie Administration (NOAA)
deelined to discuss military matters in an interview. But to the question, “Could
cloud seeding cause flooding?"’ he ’:||ll+\| Laird—said, ““ Yes, it is entirely possible
to get heavy rains out of certain elouds.’

“In the past. deeade, \\]llli added, “there has been a considerable change of
view in the scientific community on weather modification. I think most knowl-
edgeable people would agree that we have primitive ecapabilities for modifying
ertain weather patterns. And it is reasonable now to look to possible development
of more sophisticated ones.”

Among patterns that ean “pr riir-1:||-|l‘."' be modified, he said, are: cold fog (which
can be eleared from airfields) ; cumulus elonds (most common in the tropies—“In
Florida,” White said, “we have been able almost at will to make them grow
!\|J! wively'') ; orographie clouds (moist air moving up over mounts At the

1t temperature you can begin thinking of milking them for water'”) and hail-
storms (which ean often be suppressed, according to recent elaims by the Russians,
who fire silver iodide into them from rockets and artillery
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these, there are storms like hurricanes—a Hurricane Agnes, for ex-
ich cannot yet be reliably suppressed, “but for which we have some
neouraging results,” in White's view.

All in wll, he sums up, “We're beginning to move from a situation where every-
thing that happens in the atmosphere is an act of God to where some things are
an act of man.”

THE MORAL 188UF

What perturbs many scientists is the morality of using such “acts of man”
for military purposes.

The Navy's Saint-Amand emphatically does not see turning weather into a
weapon as something inherently evil. “If you estimate the amount of damage
done by impeding someone’s transportation versus blowing or burning them up,
[ don't think it is so immoral,” he told Science magazine,

Vost seientists, left-wing and establishment, seem to dizagree.

The Science for Vietnam, Chicago Collective—a radical anti-war group of
entists and students who first spotted the passage in the Pentagon Papers
charges: “The U.S. government has embarked on a totally new and insidious
form of warfare . . . (that) could disrupt the economy and social structure of a

<mall country; it could create famine . . "

University of Conunecticut Graduate Dean Thomas Malone, chairman of the
National Academy of Sciences’ Weather Modification Panel, likewise says: “1I'm
opposed to it,”" He urges a treaty that would not merely ban weather war but go
on to encourage international weather modification “in a positive way.”" A 1971
Academy study urged the United States to sponsor a United Nations resolution
dedicating all weant her modifving to peace.

Unless nations do this, Malone told Science, “we will face horrendous political
problems—putting the genie back in the bottle.”

Pell argues tl present military activities “could very well lead to another
international arms race.” “The use of rain-making as a weapon of war can only

ad to the development of vastly more dangerous environmental techniques, ™’

<. “We must move quickly to place weather, climate and geophysical modi-

e n off limits."”

Joined by 13 colleagues (MeGovern, Humphrey Case, Cooper, Cranston,

Tart, Hughes, Javits, Kennedy, Mondale, .\‘vllm-n. Tunney and Williams), he
has proposed a Senate resolution urging that the United States seek a treaty to
bar both weather war and research into it, As chairman of the Senate Foreign Rela-
Vions Committee’s international environment subcommitiee, Pell will try to
smoke Laird out further at upcoming hearings, perhaps this month.

LACK OF RESPONSE

The administration, too, may be considering the subject. But how seriously
it is doing so 15 | re.

The Pentagon's Foster told Gude that the National Security Council Under
Secretaries’ Committee “at the request of Dr. Kissinger is currently meeting to
formulate a definitive national policy. Presumably this poliey, when completed,
will be announced to the nation in some appropriate fashion.”

The NSC unit involved is headed by Herman Pollock, the State Department's
director of international seientific affairs. He reports that it has considered only
soacelul weather-making, not military.

Pell is undiscouraged by lack of administration response so far Lo the pleas
that it support his proposed treaty, or that the President declare that the United
States will never be first to wage weather

‘1 remember what happened five years ago when I first introduced a draft

vl he says. “‘1 got rather unr
executive branch comment, just as wao now. But I knew very well that
v strip of missiles slong the Atlantic ridee and ‘ereepy crawlers'—tank-like
underwater missile carriers—were on the drawing board at the Pentagon.

“] see the same process now. 1 think that given a few years, we'll get some

tresty to ban nuclear weapons from

:ort of treaty here, too.

Of all fields of science, Dean Malone haz said, none has produced more world
cooperation tha meteorology. “What a tragie reversal it would be if we started
usinge our knowledge to beat one another over the head.™”




12
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All of the officials interviewed said that the United States did not have the
capability to cause heavy floods during the summer in the northern parts of
North Vietnam, where serious floods oceurred last year.

Officially, the White House and State Department declined comment on the
use of meteorological warfare, *“This is one of those things where no one is going
to say anvthing,” one official said.

Most officials interviewed agreed that the seeding had accomplished one of its
main objectives—muddying roads and flooding lines of communication. But there
were also many military and Government officials who expressed doubt that the
project had ecaused any dramatic results.

The sources, without providing details, also said that a method had been
developed for treating clonds with a chemical that eventually produced an acidic
rainfall capable of fouling the operation of North Vietnamese radar equipment used
for directing surface-to- missiles

In addition to hampering SAM missiles and delayving North Vietnamese infiltra-
tion, the rainmaking program had the following purposes:

Providing rain and cloud eover for infiliration of South Vietnamese com-
mando and intelligence teams into North Vietnam.

Serving as a “spoiler” for North Vietnamese attacks and raids in South
Vietnam.

Altering or tailoring the rain patterns over North Vietnam and Laos to aid
United States bombing missions.

Diverting North Vietnamese men and material from military operations to
keep muddied roads and lines of communication in operation.

KEYED TO MONSOON

The cloud-seeding operations necessarily were keyed to the two main monsoon
seasons that affect Laos and Vietnam. ““It was just trying to add on to something
that vou already got,” one officer said.

Military sources said that one main goal was to inerease the duration of the
southwest monsoon, which spawns high-rising ewmulus elounds—those most
susceptible to cloud-seeding—aover the !i.‘lll!!:LII\'“l' areas of Laos and North
Vietnam from May to early October. The longer rainy season thus would give
the Air Foree more opportunity ta rger rainstorms.

“We were tryving to arrange the weather pattern to suit our convenience,”
said one former Government official whe had detailed knowledge of the operation.

According to interviews, the Central Intelligence Agency initiated the use of
cloud-seeding over Hue, in the northen part of South Vietnam. ** We first used that
stuff in about 15t of 1963,” one former C.1.A. agent said, “*when the Diem
regime was having all that trouble with the Buddhists.”

“They would just stand around during demonstrations when the police threw
tear gr qm, but we noticed that when the rains came they wouldn’t stay on,”
the former agent =said.

“The age got an Air America Beecheraft and had it rigged up with silver

. ““There was another demonstration and we seeded the area. It

rained.”
A similar eloud-seeding was carried out by C.LLA. aireraft in S:
onee during the suunmer of 1964, the former agent said.

EXPANDED TO TRAIL

The intelligence agency expanded its eloud-seeding activities to the Ho Chi
Minh supply trail in Laos sometime in the middle nineteen =, a number of
Government sources said. By 1967, the Air Foree had become involved although,
as one former Government official said, “*the a W Wi lling all the shots.”

; assumed the ageney had a mandate from the \ » House to do it,"”

A number of former CIA and high-ranking Johnson Administration officials
depicted the ope erimental.

The art had not vet advanced to the point where it was possible to predict
the results o seeding operation with any degree of confidence, one Government
official said. “We used to go out flving around and looking for a certain cloud
formation,”” the official said. “And we made a lot of mistakes. Once we dumped
seven inches of rain in two hours on one of our Special Forces camps.”

Despite the professed skepticism on the part of some members of the Johnson
Administration, military men apparently took the weather modification pro-
gram much more seriously.




According to a document contained in the Pentagon papers, the Defense
Department's seeret history of the war, weather modification was one of seven
basic options for stepping up the war that were presented on request by the
Joint Chiefs of Staff to the White House in late February, 1967.

The document deseribed the weather program over L officially known as
Operation Pop-Eyve—as an attempt “1o reduce traffieability along infiltration

routes.

It said that Presidential authorization was “‘required to implement operational
phase of weather modification process previously sneeessfully tested and evaluated
i same area.” The brief summary concluded by stating that “risk of compromise
i= minimal."’

\ similar option was cited in another 1967 working document published in
the Pentagon papers. Neither attracted any immediate public attention.

The Laos eloud-seeding operations did provoke, however, a lengthy and bitter,
albeit seeret, dispute inside the Johnson Administration in 19 A team of State
Department attorneys and officials protested that the use of clond-seeding was a
dangerous precedent for the United States.

1 felt that the military and ageney hadn't analyzed it to determine if it was in
our interest.”’ one official who was involved in the dispute said. He also was
concerned over the rigid secrecy of the project, he said, “although it might have
been all right to keep it secret if you did it once and didn’t want the precedent
to become known.”

The general feeling was summarized by one former State Department official
who said he was concerned that the rainmaking “‘might violate what we considered
ihe general rule of thumb for an illegal weapon of war—something that would
cause unusual suffering or disproportionate damage.” There was also concern
he added, beeanse of the unknown ecologieal risks.

A Nixon Administration official said that he believed the first use of weather
modifieation over North Vietnam took place in late 1968 or warly 19689 when rain
was inereased in an attempt to hamper the ability of antiaireraft missiles to hit
Ameriean jets in the panhandle region near the Laotian border.

Over the next two < this official added, ‘‘it seemed to get more important
the reports were coming more frequently.”

It could not be learned how many specific missions were carried out in any year.
One well-informed source said that Navy scientists we responsible for developing

new kind of chemical agent effective in the warm stratus clouds that often
shielded many key antiaircraft sites in northern parts of North Vietnam.

The chemieal, he said, “produced a rain that had an acidie quality to it and it
would foul up mechanieal equipment—Ilike radars, trucks and tanks,”

“This wasn't originally in our planning,” the official added, ‘it was a refine-
ment.”’

\pparently, many Air Force cloud-seeding missions were conducted over
North Vietnam and Laos simply to confuse or “attenuate’’—a word used by many
military men— the radar equipment that controls antiaireraft missiles. The
planes used for such operations C-130's, must fly at relativelv slow speeds and
at altitudes no greater than 22,000 feet to disperse the rainmaking chemicals
cffectively.

A number of officials confirmed that cloud-seeding had been widely used in
South Vietnam, particularly in the north along the Laos horder. “*We tried to use
it in connection with air and ground operations,” a military officer explained

One Government official explained more explicitly that “if you were expecting
a raid from their side, you would try to control the weather to make it more
difficult.” This official estimated that more than Lialf of the actual ('i“iifl-:‘l'l'lilhﬂ
operstions in 1969 and 1970 took place in South Victnam.

Much of the basie research was provided by Navy scientists, and the seeding
operations were flown by the Air Weather Service of the Air Force,

By 1967, or possibly earlier . Air Foree flights were originating from a special

nerations group at Udorn air base in Thailand. No more than four C-130's,
]| sually only two, were sssigned in the highly restricted section of the base.
Each plane was capable of carrying out more than one mission on one flight.

One former high-ranking official said in an interview that by the end of 1971 the

rogram, which had been given at least three different code names since the middle
nineteen-sixties, was under the direct control of the White House.

Interviews determined that many usually well-informed members of t
Nixon Administration had been kept in the dark.

In the last year, there have been repeated inquiries and publicly posed questions
by members of Congress about the weather modification programs in Southeast
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Asia, but no accurate information has been provided to them by the Department
trf |1 fense

“This kind of thing was a bomb, and I[r' - restricted information about it te
those \\}I.ll had to know,” said or ne wel ) Government offieial, r 1"'[!'1]|_:_"| K}
Henry A. l\t=-|l.’.l< r, the President’s adviser on nati .\! security.

None lhl less the official said, ** I under 3 h'l" action
was deseriptive of what was going on north of the lJ‘[/ with the roads :
SAM sites.

Another souree said that most of the weather modification activities eventus ||"'
were conducted 1 the aid and support of 1 ith Vietnamese. ‘1 think
were trying to teach the South Vietnamese how to fiv the cloud-seeding mi
the souree =aid

It was impossible to learn where the staffing and research for the secret weather

operation were carried out. Sources at the Air Force Cambridge Research Labora-
tories at Hanscomb Field in Bedford, Mass., at the Air Weather i
headquarters, while acknowledging that they | ard of 01
said they had no information about its resea

One Government sol e did sayv that a greu
to see how much additional rain was eaused.

[From the New York Times, July 9, 1972]
PENTAGON! WEATHER A Wearox oF Wai

Wasminagron.—Dr. Gordon J. F. \I weDonald, a prominent geophysicist
had just completed a tour as vice president of the ]rr fense Department’s Insti
of Defense Analysis, published in 1968 a little-note 1t chilling study on
Illil.i'l.'rl"l\ i}'-[r‘!lllt:tl |-;' 1|||-I|'-.~r'n-[u<_‘|i':l| warfare, He |)-I--|i :!Il,][l|'h'l" of options avail-
able to those who would choose to tamper '\\i‘ll nature. Among them:

Altering the world’s ter mperature by rocketing n rials into the 1|~| pper

|1--J’i!'l‘dh-nll:]l"]l’ (thereby g the surface b il

4 weat (thereby heating the surface . This technique
targeted at a specific area.

Triggering tidal waves by setting off a seri f underground explosions
the edge of the Continental Shelf, or by proc 1 1 earthquake.
tidal wave could be achieved by correctly shaping the energy-release s

Changing the physical makeup of the atmosphere by ith ¢
similar weapon, a “hole’ in the important ozone layer between 10 and 30 miles up
that is responsible for absorbing muech of the ultra-violet light east from the sun,
Without the protective layer of ozone, a molecular of oxygen, the radiation
would be fatal to all human, plant and animal life that could not take shelter in
the affected area below.

Dr. MacDonald (who is now a member of the White House Council on Envir
mental Quality) made it clear that his essay was | -|i only on ~1r! 0 ||l<|1 lomn. 1,;
week, however, it became known that at least part 1is ma ‘l.u.u' 1
had been secre in use by the United States since the 1960's,

Air Force planes, supporte «l by the Central ||-i| 11 e Agency,

a systematic war of rain on the infiltration trai [ Laos,
Vietnam and South Vietnam. The intent: 'ess enemy Al
provide cover for South Vietnamese commando tean enetrating t
hinder the movement of men and materiel from North Vietnam into

The first experimental rain-making mission was flown by the C.1..

Vietnam in 1963, but it was not until 1965 that a group of Air Force scientists
officially was ordered to start thinking of ways to turn nature into a military tool.

“We all sat down in a big brain-storming session,”’ said one of the seientists who
participated at the Air Force Cambridge Research Laboratories ¢ 1scomb
Field near Bedford, Mass. “The idea was to increase the rain and reduce the
traficability in all of Southeast Asia,”

Within a vear, the Air Force and C.I.A. began a highly secret rain-making project
over the Ho Chi Minh Trail in Laos, known as “Oj ion Pop-E [here were
heated protests from the State Department, and eventually a directive from the
Secretary of Defense Robert 8. MeNamara ordering a halt to the project. Instead,
well qualified soureces said last week, “it went underground—into tln- dark.”

From 1969 through at least early this yvear, weather warfare was a covert
operation being directed by the Joint Chiefs of Staff with White House
acquiescence,
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The fact that the program existed at all came to light only last week in The
New York Times. But, despite an extensive investigation, if could not be learned
how suceessful the program had been, how many missions were condueted or
whether it was still being used in connection with the heavy bombing of North
Vietnam that followed the enemy offensive last April.

Making rain has long been technically feasible. Scientists have learned that
rain fall can be increased by as much as 40 per cent after seeding clouds by air-
eraft with silver-iodide particles. Other chemicals, including dry ice, also have
heen used with suceess, both in the United States and in Southeast Asia.

Military and Government specialists acknowledge that there is little precise
seientific knowledge of the short-range impact of clond seeding and practically
none of the long-range ecolo | effect of changing the amount of natural rainfall,
Some seientists have published data suggesting that weather modification, in
combination with other ecological stresses such as air pollution and pesticides,
may have a synergistic effec hat is, result in collective changes far greater
than either se¢ wonld have csused by itself.

In Indochinga, where heavy bombing already has robbed much of the landscape
of its natural water-holding capability by destroying foliage and trees, artificially
induced rains may result in far greater flooding than expected, along w ith heavier
soil erosi

Technieally, there are no international agreements outlawing such warfare.
Wt Government officials made clear last week that the weather-making wetivity
of the Air Foy elded from publie view because of White House sitivity

i s the impropriety of the action. The issue, one well-
1 said, one in which Henry A. Kissinger, the President s
curity adviser, took a personal hand. “This kind of thing was a bomb,"’
\ficial =aid, “and Henry restricted information about it to those who had
to know."

Senator Perr. I hope that these hearings, today and tomorrow, will
senerate the action necessary to further this objective. We are pleased,
therefore. to have before us this morning Mr. Herman Pollack who
will present the Department of State’s position.

[ welcome Herman Pollack as an old friend and colleague in the
days when I used to be in the Department, but 1 would also express a
certain disappointment that the Secretary or the Under Secretary did
not see fit to come and diseuss the subject themselves. This 1s no
personal reflection on Mr. Pollack, but I think it might have been
more helpful to the committee if a witness of Mr. Alexis Johnson’s
level of responsibility had come forward.

[ welcome Mz, Pollack as an old friend. T am glad he is here.

Would vou like to proceed, Mr. Pollack?

STATEMENT OF HERMAN POLLACK, DIRECTOR, BUREAU OF INTER-
NATIONAL SCIENTIFIC AND TECHNOLOGICAL AFFAIRS, DEPART-
MENT OF STATE; ACCOMPANIED BY CARL F. SALANS, DEPUTY
LEGAL ADVISER

Mr, Porrack. Thank you, Mr. Chairman.

My presentation this morning will first recount the interest and
actions of the Department of State in recent years regarding policy on
weather modification, a topic central to the resolution which is the
subject of this hearing. Against that background I will then comment
on the broader scope of the resolution,

STATE DEPARTMENT APPROACH TO NEW TECHNOLOGIES
The State Department follows closely the development of all new

technologies which appear to have the potential of impacting on the
international affairs of the United States.
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Quite frequently, when a new branch of technology is in its early
developmental phase, it is not possible to define with any precision its
future impact, much less to be sure whether its impaet will be primarily
beneficial or primarily harmful. At early stages of development, the
facts necessary to make such a judgment are simply not at hand.
Under the circumstances, the fnrmul.mnn of general policy is prema-
ture and we establish a “watching brief.” When the (l! velopment of
the technology reaches an appropriate stage, the Secretary’s attention
is drawn to it and the analysis and formulation of policy gets seriously
underway.

The State Department approach to weather modification has
followed essentially that pattern. Parenthetically, I might sayv that
the art—if I may call it that—of ¢limate, earthquake or ocean modifi-
cation is not vet at a point where even a “‘watching brief,” as we use
the term, is in order. These are areas of ereat paucity of seientific data
and understanding.

DEVELOPMENTS CAUSING ESTABLISHMENT OF WATCHING BRIEF

Returning now to weather modification, as vou know experiments
on the modification of clouds through seeding with various agents
started shortly after the end of the Second World War and by the
early 1960’s it seemed likely that this technology, when further
developed and when more answers were known, might some duay
]Il'l}tllll'i‘ vast benefits through l'II!III.'II"iII_\_" rainfall and Illi;:]!l also Pose
new tasks in international relations. At about the same time, the first
efforts to moderate the i]”l'll"-il_\ of lhwrricanes [111‘(|I|l,:h .-m~-li1v_1' were
initiated. It was these developments, nearly 10 years ago, that
caused the State Department to establish its watching briefl on
weather modification; and responsibility for maintaining this brief
was assigned to the Bureau which I head.

DEVELOPMENTS IN 1968 TO 1970 PERIOD

[n the period 1968 to 1970 several developments occurred which
made it clear that weather modification was progressing beyvond the
early experimental phase and was approaching the stage where at
least a few types of human intervention in weather processes might
well be approaching operational status. Among these developments I
will mention three in particular:

The studies of the Department of Interior showed that proper
seeding of winter clouds might enhance the snow-pack in the Colorado
River Valley by perhaps 20 or 30 percent. Such an achievement would
enhance the fresh water available in the whole river valley during the
spring and summer months.

The experiments of Dr, Joanne Simpson and her associates at the
NOAA (National Oceaniec and Atmospheric Administration) labora-
tory in Miami produced manifold inereases in the rainfall from
isolated tropical cumulus clouds,

The experiments known as “Project Stormfury” aimed at modera-
tion of violent hurricanes appear to have produced their first sub-
stantially positive results in a series of experiments on Hurricane
Debbie of 1969,
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REPLACEMENT OF WATCHING BRIEF BY MORE ACTIVE STUDY

This combination of events provided us with some of the informa-
tion needed for the |]v\'l-!n|r||t|'!l1 of ]'ll!“l'_\ to control or facilitate the
impact of this new technology. I have at hand the memorandum
which I sent to Secretary Rogers on November 16, 1970, informing
him that the time had come for the watching brief on weather modifi-
cation to be replaced by a more active study of the implications for
our foreign policy. It reported that:

. . . .8, seientists who have heretofore been very cautions and guarded in
their assessment of progress in this field are now showing visible signs of exeite-
ment at recent events. This is especially so with regard to the highly suceessful
seeding of eumulus clouds in tropical areas for the purpose of inereasin ainfall.
Igually a source of excitement is the mounting evidence that the force of hur-
ricanes and typhoons can be lessened by seeding techniques.

Clouds and storms are uneonscions of sovereignty, International law on weather
modification is practically nonexistent. The problems that operational weather
modification technology will pose to this Department and the foreign offices of
the world are therefore self-evident,

Steps are underway to set up intra-Department and interagency committees
to develop plans and policies for the international reception of this new technology.

Shortly thereafter, in a statement to the House Commitiee on
Seience and Astronautics, Seeretary Rogers made particular mention
of weather modification as a potential boon in assisting the economic
problems of the developing nations. He also pointed to the need to
consider international arrangements to deal with the applications
of this new phenomenon. I was pleased to note, Mr. Chairman, that
vou quoted this section of Secretary Rogers’ statement i your speech
on the Senate floor last March 17.

CONCLUSIONS OF INTERAGENCY STUDY

The interagency study to which I referred in my memorandum to
the Secretary gof underway in the spring of 1971. The study which
was completed earlier this year came to certain conclusions regarding
civilian aspects of weather modification.

The objective of our programs is to advance civilian weather
modification research and development efforts and to apply this
technology for human benefit. To this end, we will further inter-
national cooperation and understanding in this rapidly developing
field and conduct our programs with maximum openness and within
the framework of clear safeguards designed to protect the interests of
the United States and of other countries, With regard to assisting
other countries, we will consider each request on the basis of its own
merits. We will not, in any case, encourage activities involving a high
risk of damage or where the effects cannot be foreseen with reasonable
assurance,

Although the science of weather modification is still experimental
and at an early stage in its development, the U.S. Government will
maintain continuing review of the international aspects of weather
modification generally.

The Department of State, with appropriate interagency support, s
instituting and overseeing implementation of appropriate guidelines
for U.S. activities, will review any requests from other countries for
assistance in weather modification activity, and will report on policy
issues as the need develops.
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As was indicated in Mr. Abshire’s letter of May 15, 1972, to Senator
Fulbright, the study came to no conclusions with respect to inter-
national agreements on military aspects of weather modification.

CLIMATE MODIFICATION

With respect to climate modification, we shall continue research in
this area in the hope that there may be a potential for human benefit.
However, no climate modification experiment will be conducted until
we can predict its total impact with great assurance and, of course, no
such activity would be conducted without thorouch consultations
among interested agencies and approval at the highest levels of Govern-
ment. I might observe that it goes without saying that the administra-
tion would not use techniques for elimate modification for hostile
purposes even should theyv come to be developed.

NOT ADOPTING SENATE RESOLUTION 281 RECOMMENDED

In summary, with respect to Senate Resolution 281 and simply
stated, we believe that there is at present too much uncertainty about
essential facts and that the factual basis itself is insufficient to make
possible any fundamental decisions on whether a treaty dealing with
military aspects is feasible and desirable. For example, how could we
verify suspected violations or monitor compliance by other signatories
of an international agreement prohibiting the use of weather modifi-

cation, much less climate, earthquake, or ocean modification about
which we know next to nothing? Furthermore, how could we dis-
tinguish between weather modification research and development
which is directed toward military application and that which is to be
used for purely civilian purposes, since the techniques involved may
be the same?

Relevant questions such as these will have to be answered, through
further study and research, before it is possible to formulate a solid
basis for decisions on issues such as are raised by Senate Resolution 281,

[tis therefore our conclusion that actions such as those recommended
in Senate Resolution 281 are premature. Accordingly, the Department
of State recommends that this resolution not be adopted.

Mr. Chairman, that concludes my statement. 1 will be pleased to
respond to questions.

[ am accompanied by Mr. Salans, of the Office of Legal Adviser.

Senator PeELL. Thank you very much for a very clear statement of
unclear intentions.

[ appreciate the position in which you are. In going throuch vour
statement, I made a couple of notes as we were moving along.

REASON FOR NOT MENTIONING U.S. OPERATIONS IN SOUTHEAST ASIA

You said:

In the period 1968 to 1970 several developments occurred which made it clear
that weather modification was proceeding beyond the early experimental phase and
was approaching the stage where at least a few types of human intervention in
weather proeesses might well be approaching operational status.

[ believe at that time the Department of Defense was conducting
weather modification activities in Southeast Asia.




Are vou free to say why these operations were not mentioned in

your statement?

Mr. Porrack. Mr. Senator, in his letter to Senator Cranston and
Congressman Gude of March 18, Secretary Laird indicated there were
some aspects of the work of the Department of Defense which had a
definite relationship to national security and possible uses of weather
modification which were classified accordingly.

Therefore, I recret that I am unable to discuss the question which

you have raised.
TERMS OF REFERENCE OF INTERAGENCY BTUDY

Senator PErL. You mentioned an interagency study, which I believe
vou chaired. Could you give us the terms of reference of that study?
Could vou deseribe it to us?

Mr, Porvack, I am afraid that the terms of reference of the study
or its content would have to be considered as internal executive
branch documents. I don’t believe I can make those available.

Senator Pern. I realize that, but could you outline them to us for
the committee? You are dealing with the subject of the broad range
of weather modification. Without going into the question of executive
privilege or classification, could you give us an idea of the broad
outline of that study?

Mr. Porrack. I think the nature of the conclusions that I deseribe
beginning on page 5 do indicate the subject matter that was covered
within the study.

Senator PeLL. But you would not be free in an open session to give
us any more of the actual terms of reference that were given to yon
for conducting that :-.l1|:|‘\",’

AMr. Porrack. I do not believe so.

POTENTIAL SERIOUSNESS OF PROBLEM

Senator PeLL. In view of your capacity as chairman or as Director
of the Bureau of International Scientific and Technological Affairs
of the Department, do you believe that this type of warfare is a poten-
tinlly serious problem?

Mr. Porrack. I believe that the statement that I read with respect
to weather modifieation would clearly indicate that my answer 1s in
the affirmative.

DIFFERENCE BETWEEN CLIMATE AND WEATHER MODIFICATION

Senator Pern. Incidentally, in connection with that statement, I
was most struck by your phrase:

I might observe that it goes without saving that the administ would not
use techniques for climate modification for hostile purposes eve ey should
come to be developed.

What, in your view, is the difference between climate modification
and weather modification?

Mr. Porrack. I think the basie distinetion that I would make and
that most others make is that climate modification is generally thought
of as long-term, not in terms of years or decades but possibly centuries.
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The extent of climate modification is generally conceived of to be
\\'i:lll»:pl't'ilii. not in\ul\ill}_’ a limited area but areas m':‘!'||:i|'l| h_\' one,
two, three, or numerous nations.

Weather modification is transitory, temporary, and limited in its
geographic impact.

WOULD ADMINISTRATION ESCHEW WEATHER MODIFICATION TECHNIQUES?

Senator PeLr. In other words, the phrase you are using here is
carefully chosen. It would not apply to weather modification. You
are saying specifically climate modification?

Mr. PorLrack. This phrase relates to climate modification as I
have deseribed it; ves.

Senator PerL. You would not be willing to make the statement that
the administration would eschew techniques for weather modification
for hostile purposes?

Mr. Porrack. No; this statement, sir, is directed toward climate
modification.

(Committee staff note: An excerpt from the testimony of Dr. Pierre
St. Amand during hearings entitled, Weather Modification, Hearings
before the Committee on Commerce, United States Senate, S9th
Congress, 1st and 2nd Sessions on S. 23 and 5. 2916, bills relating to
weather modification, Part 1, " follows:)

StaTtemeENTs oF Compr. Pavn T. JorcensoNn axp Dr. Pierue St. AMAND,
Groraysics Grour, NavaL OrpNance Test StarioN, CHina Lage, Cavrr,

Dr. S7. AMaxp, The Naval Ordnance Test Station began work in weather modi-
fieation in 1961 taking advantage of the fact that we have an almost unique posi-
tion in the country to do development work in the production of nuclei for eloud
seeding. The original work depended on an invention by a pair of chemists who
worked there—a Dr. Burkhart and Dr. Finnegan—in which they developed a
method for producing a reaction from silver iodide or lead iodide smoke, As time
has gone by the program has expanded. The number of things we now produee for
weather modification has greatly increased and the scope of our interest has
increased.

Primarily the work is aimed at giving the U.S. Navy and the other armed forees,
if they should eare to nse it, the eapability of modifying the environment, to their
own advantage, or to the disadvantage of an enemy. We regard the weather as a
weapon. Anything one can use to get his way is a weapon and the weather is as
good a one as any.

COMPOSITION OF INTERAGENCY COMMITTEE

Senator PerL. Going back to the interagency committee which yvou
chair, would vou be free to discuss the composition of the committee,
the membership of it?

Mr. Porrack. To the best of my recollection, the membership con-
sists of those agencies who are. of course, members of the National
Security Council. I would have to check back. I am sure the Depart-
ment of Commerce was represented, which is not ordinarily a member
of the National Security Council. I would have to check whether there
were any other agencies. This would mean State, Defense, and all the
other agencies that are members of the NSC ordinarily, plus the De-
partment of Commerce.




REPORT PRODUCED BY WITNESS'S COMMITTEE

Senator Pern. You say vour committee did produce a final report ?

Mr. Porrack. I beg your pardon?

Senstor PeLr. Did vour committee produce a final report?

Mr, Poruack., We produced a report, I am hesitating on the use of
the torm “final.” because the subjeet is under continuing review.

Senator PErL. The date was Mayv 19727

Mr. Porrack. That may be right. It was completed earlier this year.

Senator PELL. Would vou be free to tell us the classification ol that
1'1'[1lll‘l'.’

Mr. Porrack. T frankly don’t recall.

Senator PeLL. But it is classified? You are sure of that?

Mr. Porvack. I assume it was, sir.

Senator PerL. If it was not classified, could we have it included in
the record?

Mr. Porrack. It was classified.

Senator PELL. .\]:l}'i‘lv the attorney could recall if it was top seeret.

Mr. Porrack. I simply don’t recall the classification.

Senator PELL. I wonder if vou can submit the classification for the
r'l'l'fl]-li, I

Mr. Porrack. I should think so.

Senator Pern. Would that be proper?

Mr. Ponrack., We will examine whether we can.

Senator PELL. You can’t make a commitment that you will let us
know the elassification of the report?

Mr. Porrack. 1 think we can.

(The information referred to follows:)

CLASSIFICATION OF INTERAGENCY STUDY REPORT
(Supplied by Department of State)

The classification of the report was confidential.

Senator PeLL, I thank you very much.

Did vour report take into account the current belief that the United
States is engaging or has engaged in weather modification in Southeast
Asia?

Mr. Porrack. Senator Pell, I regret I will have to return to the earlier
statement, that this was an internal executive branch document, and I
am not at liberty to reveal its contents.

STUDY'S CONSIDERATION OF MILITARY USES OF WEATHER
MODIFICATION DOUBTED

Senator Pern. Not having had, as yvou know, a briefing on this
sibject, though I believe this information should be in the public
domain, I consider myself a little freer in that regard. 1 have reason
to believe that you did not consider the military uses of weather
modification as reported.

[ guess I am getting into very complicated points here, but bear
with me for a moment. Presuming I am correct and you did not have
access to its eurrent military uses, would you be able to give me any
reasons as to why you think you were not given access to its military

@
Uses:
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Mr. PoLrack. Senator, I am afraid I didn’t follow that.

Senator PELL. It is very complicated. I have reason to believe that
vour study did not get into the military uses of weather modification,
that you were not given access to it. Would vou be able to confirm
that statement in any way?

Mr. Porrack. Senator, the study did get into military uses.

Senator PerL. It did?

Mr. PoLrack. Yes.

Senator PELL. I am not only delighted, but interested.

Mr. Porrack. I should really say military aspects rather than
military uses. We did cover the military as well as the civilian.

Senator PerL, The military and civillan aspects?

Mr. Porracg. The study came to no conclusions, as I stated earlier,
with respect to international agreements on military aspects.

SAFEGUARDS RELATING TO U.S. INTERESTS

Senator PELL. In your statement, yvou say, “To this end we will
further international cooperation and understanding in this rapidly
developing field and conduct our programs with maximum openness
and within the framework of clear safeguards designed to protect the
interests of the United States and of other countries.” What do you
mean by the phrase, “within the framework of clear safegnards
designed to protect the interests of the United States’?

Mr. Porrack. Among the safeguards that would relate to the in-
terests of the United States would be the liability provisions.

Senator PeLL. The what?

Mr. Porrack. The liability, safety from lability claims. We are
here discussing conducting a program internationally. We have re-
ceived a request from the Azores, just 10 days ago, and a program is
currently underway at the request of the Portuguese Government to
try to augment the rain in a drought-ridden area of the Azores.

Protecting the interests of the United States in that case would be,
No. 1, to make sure that we are satisfied that there would be no risk
to the environment or ecology of the area or to third parties; second, to
be fairly confident that we knew what the consequences of our seeding
would be and that we were not engaging in a completely speculative
activity.

The third factor, and there may be others, would have been the
one I mentioned earlier of protecting ourselves from any liability,
requesting the Portuguese Government to take on that responsibility
if they wished this service.

OVERSEEING IMPLEMENTATION OF APPROPRIATE GUIDELINES

Senator PeLL. Then you say that the Department of State, with
appropriate interagency support, is instituting and overseeing imple-
mentation of appropriate guidelines for U.S. activities, to review any
requests.

Does this mean overseeing implementation of appropriate guide-
lines for U.S. activities both of a civilian and military nature or only
of a civilian nature?

Mr. Porrack. The paragraph vou read is a further discussion of the
civilian aspects of weather modification.
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Senator PeLn. You would not be instituting or overseeing implemen-
tation of appropriate guidelines of all activities?

Mr., Pornack. [ think the question of whether that would go
beyond civilian returns to the earlier position I took with respect to
the national security aspects of military activities, and I simply cannot

oo into that.

Senator Pern. I realize we are dancing around on the head of a pin,
but we have all this secondary evidence or information that leads one
to believe military activities are being engaged in. I don’t think there
is a person in this room who doesn’t.

I would hope eventually that this fact could be brought into the
open, but this is a decision of the executive branch.

PARALLEL OF DRAFT SEABEDS TREATY

Returning to more general questions in connection with my pro-
posed treaty, T would draw a parallel between it and a draft treaty
in the form of a resolution introduced some years ago that would
have prohibited nuclear and other weapons of mass destruction on the
seabed and ocean floor, 70 percent of the earth’s surface.

[ can remember the immediate response of the executive branch,
then under President Johnson’s guidance, was very much the same
as now, rather unenthusiastic or nonresponsive with regard to these
possible weapons systems.

At that point, these weapons systems were only on the drawing
boards, the ABM’s for the mid-Atlantic seabed floor, and were not
in use in any way.

But the men in the Pentagon, and presumably in the Kremlin,
wanted to have their options kept open and wanted no part of an
agreement which would eschew the use of these weapons. After 5
vears, | had the satisfaction of seeing an agreement coneluded pro-
hibiting such weapons on the seabed floor.

Fortunately, these drawings have remained drawings. The problem
now is that we are talking about weapons systems that are, in my view,
in being, not just on the drawing boards. That is why I hope that the
5-year lag it took to bring forth an agreement with regard to weapons
on the seabed floor would be shorter in this case.

STATE DEPARTMENT POSITION ON AGREEMENT PROHIBITING
ENVIRONMENTAL WARFARE

In connection with that, what are the considerations in favor of an
international agreement prohibiting the use of environmental warfare?
Do you have a general view in the Department with regard to a
general prohibition on using environmental warfare as a means of
warfare?

Mr. Porrack. Could you be a little clearer as to what you mean by
environmental warfare?

Senator PeLL. What are the considerations in favor of an interna-
tional agreement prohibiting the use of environmental warfare?

[ am not saying you approve of it, but what is your own position as
director of the scientific branch? What are the elements in favor of
such an agreement along the lines that we Senators have proposed?
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Mr. Porrack. Sir, if you are talking about environmental warfare,
I fear I need to know more precisely what we are talking about.

Senator PeLn. We are talking about weather modification, geo-
physical modification. I am tuikm: about these uses of weather modi-
fication techniques.

Mr. Porrack. The general position that we have tried to reflec
in this statement is that we simply at this point do not have enough
data on hand to know what a prudent posture for the United States
to take would be with respect to international arrangements, be they
treaty or others, with respect to the subject of your resolution.

CONSULTATION UNDER STOCKHOLM CONFERENCE RECOMMENDATION 218

Senator PeLr. Some of us were at the Stockholm Conference on
International Environment. I think it was one of the most sienificant
conferences in which this Nation has engaged for a long time.

At that conference there was a recommendation, No. 218, which
had to do with whether the eschewing of weather modifications should
exist. It was pretty well gutted by the United States inserting the
phrase that we would only consult with other nations when we e ngaged
m weather modification techniques “to the maximum extent fe: wsible.”

I was wondering if you would let us know under what cireumstances
would it not be feasible for the U.S. Government to report its weather
modification activities. I add that the phrase “to the maximum extent
feasible” was inserted at the request of the executive branch at that
('t!”f’l'l'l'“l'l'.

Mr. Porrack. May I say a word or two about that?

Senator Pern. Certainly.,

Mr. Porrack. There were two clauses in the proposed recommenda-
tion. The recommendation was No. 218. The first clause recommended
that governments “carefully evaluate the likelihood and magnitude of
climatic effects and determine their findings before embarking on such
activities.” The phrase, “to the maximum extent feasible” relates to
that clause.

The second clause recommended that governments “consult fully
other interested states when activities carrying a risk of such effects
are being contemplated or implemented.” The phrase “wherever
practicable” related to the second clause.

Senator PeLn. In other words, the “feasible” relates only to the
first clause—to carefully evaluate the likelihood and magnitude—but
not to the second one—to consult fully?

Mr. Porrack. Yes; “to the maximum extent feasible was inserted”’
at the recommendation of the United States, [I was made in advance
of the conference. It was to amend the verb “disseminate.”

This is a rather common problem with respect to the obligation as
to how far you have to go in making documents and data available to
how many different nations, and so forth. I don’t know what the legal
term would be, but in my judgment it would be a clause of reason.

Senator Pern. Am I correct in saying that the second phrase,

“consult fully other interested states when activities carrving a risk
of such effects are being contemplated or implemented” remains
unqualified?

Mr. Porrack, That remained unqualified.




(9 Lrd

-

Senator PELL. Pressing the subject for a moment, if T may, if for
the sake of argument one was engaged in weather modification activi-
ties in any part of the globe, would that mean then that we have an
obligation to “consult fully other interested states when activities
carrying risks of such effects are being contemplated or implemented”?

\ir. PouLack. This recommendation was adopted by the conference
in Stockholm. The subject will come up before the General Assembly
this fall. The legislative history that will accompany this has not yet
been established. But at the moment this is a recommendation to the
covernments, This is not an obligation upon the governments.

Senator PerL. In other words, if this recommendation is imple-
mented, it would then mean that if we were engaoed in weather
modification in any part of the world, we would then, if we accepted
the recommended obligation, be obligated to consult fully other
interested states?

Mr. Pornack. T assume if it were an obligation and we accepted
the obligation, your statement would be correct.

QUESTION OF CONSULI ATION UNDER RECOMMENDATION 218

Senator Case. You have made a very good explanation of this.

But why don’t you come clean and say, “Sure, we will consult, and
this is a universal obligation”?

You have made it clear that to the extent feasible applies only to
the dissemination part. Why don’t you give the appearance as well as
have the substance of frankness with us? Have you any reason not to?

\Mr. PoLuack. It is simply, sir, that the meaning of this clanse has
not yet been established. 1t has not yet been acted on by the General
Assembly.

Senator Case. What effect did we mean it to have?

Mr. Poruack. It might be helpful if 1 were to read the position that
the United States carried into the Stockholm Conference with respect
to that.

Senator Case. The point is that Mr. Pell is a Democrat. He is
interested in making his own case. I am a Republican and 1 am inter-
ested in having vou make the best case for the administration. Will
you come clean with it?

Mr. Poruack. Yes, I will. I have been trying to do that this
morning.

Senator PeLL. 1 will add that we are both Americans.

Senator Case. Of course we are, but you know what we are doing.

Senator PELL. We want to see a treaty like this passed. When we
had & Democratic administration, with all due respect to my Republi-
can colleague, 1 went after the administration just as hard.

Mr. PoLrack. The last time this question was examined was in
connection with the preparation for the Stockholm Conference. I
am reading now from the position paper dated May 15, that was
prepared for the instruction of our delegation. It said with respect
to the amendments, that is both of the amendments, that if they
fail. the delezates should not support the recommendation unless he
makes a statement to the effect that “‘the recommendation is unreal-
istic because it fails to take into account the imperfect state of our
knowledee #s to the mechanism by which man’s activity might
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affect climate and thus in turn affect the :ilji.li?_\ of the government
to do more than what is feasible and practical in meeting all of the
terms of the recommendation.”

[ do not believe that the U.S. Government has since reconsidered
this question. Of course, it will have to do so as it prepares for the
discussion of this item at the General Assembly meeting.

But this represents the last authoritative position of the executive
branch with respeet to those two recommendations.

Senator PErn., At Stockholm, and Senator Case was there, too, I
took exception to the insertion of this phrase because I thought it
basically gutted the recommendation. I didn’t realize you were only
talking about paragraph A. I thought vou were talking about B.

But I believe this gutted that phrase. I was verv much in a minority.
[ believe very strongly that when vou go outside the United States
vour delegation has to speak with one mouth. You can’t speak with
different mouths. I kept my mouth shut publicly. But in the delegation
meeting I protested privately. Within the delegation I was concerned
about the use of this phrase.

[ wonder in this recard why the administration or the delegation
proposed the second phrase, “consult fully other interested States
whenever practicable.” That was defeated, as vou know.

Mr. Porrack. I think, sir, the reason that was incorporated in t
position paper before the delegation is responsive to that.

Had I been commenting on this personally, I would have found it
very difficult to know at what point contemplation begins, for example.
The terminology leaves something to be desired. When I agree to
consult about what I begin to contemplate, I need to understand a
little bit more about what the process of contemplation is.

If I am going to take an absolute obligation to consult, that is.

he

WEAKENING OF U.S8. POSITION AT STOCKHOLM SUGGESTED

Senator Pern. 1 think these little amendments that were put in,
some of which were accepted and some of which were not, combined
with the concern about herbicides in the back of most people’s minds
there, helped give our position at Stockholm a certain weakness. It
did not give us the strongest position we really should have had be-
cause we playved such a huge role in trying to move ahead into the
Stockholm Conference.

VALIDITY OF PRESS ARTICLES

You have probably read the articles in the press by Mr. De Silva
of the Providence Journal, Seymor Hersh, New York Times. Mr.
Wilford of the New York Times, and also in the Washington Post.

Have you any comment on the validity of these articles?

Mr. Porrack. No, sir.

Senator PeELL. You are not in a position to comment?

Mr. Porrack. I have no comment on them.

IMPORTANCE OF TREATY

Senator Pern. I thank you very much for coming forward. I
would hope as the months and years go by we really could move ahead
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and get a treaty of this sort. As I said earlier, it is much more important
than the treaty with regard to the seabed and ocean floor because the
evidence would point to the fact we are talking about weapons systems
in being and not on the drawing board.
[ thank you very much.
Senator Case?
QUESTIONS FOR THE RECORD

Senator Case. Mr. Chairman, I would like to ask Dr. Pollack to
take some questions, which I will not ask now, and answer them for
the record.

Mr. Porrack. I will be pleased to do that, sir.

Senator PeLr. I would hope in unclassified form.

Mr. Porrack. Yes, sir,

Senator Case. Yes.

Senator Pern. I thank both of you for coming today.

Our next witness is Mr. Philip J. Farley, Deputy Director of the
U.S. Arms Control and Disarmament Agency.

STATEMENT OF PHILIP J. FARLEY, DEPUTY DIRECTOR, U.S. ARMS
CONTROL AND DISARMAMENT AGENCY

Mr. Farruey. Thank vou, Senator Pell.

Mr. Pollack has deseribed for you our policy on certain inter-
national aspects of weather modification, and identified other areas
where study is still required. In support of his statement, I will
address briefly the area of arms control.

In holding these hearings on Senate Resolution 281, you are seeking
to focus attention on a potential preventive arms control measure.
My agency is of course mindful, Mr. Chairman, of the similar role
vou played in connection with another arms control measure—the
Treaty on the Prohibition of the Emplacement of Nuclear Weapons
and Other Weapons of Mass Destruction on the Seabed and the
Ocean Floor and on the Subsoil Thereof. We agree that the pos-
sibilities of arms control in this new field deserve the most careful
study and consideration, along with other international aspects of
civilian environmental modification activities.

As Mr. Pollack has indicated, this administration has already begun
this process, My agency participated in the preliminary study of the
international aspects of weather modification activities, done by the
NSC Under Secretary’s Group, and will participate in the continuing
review. I want to assure this committee that, while this is a relatively
new subject, we in ACDA are very conscious of our responsibility to
see that in this process relevant arms control aspects are fully
l'Hil“il]l'l‘l"l.

However, given the need for further understanding of these subjects,
we are not prepared to endorse a resolution to the effect that we should
seek the agreement of other governments to a specific treaty, or to
take positions on the substance of the matter.

I noted, in the speech with which you introduced the resolution
to the Senate, that one of your objectives was to generate discussion
of the subject. In this spirit, I want to make one general observation.
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Your draft treaty applies not only to experimentation or use of any
environmental or geophysical modification activity “as a weapon of
war,”” but also to research. Does this take sufficient account of the
nearly identical nature of the techniques involved in civilian and
military applications of these activities? It may be impossible to
distinguish between research and perhaps testing on such applications
as cloud seeding, for military or civilian purposes. How would it be
possible to avoid the consequences of hampering research on what
might be highly desirable civilian applications? If these problems
were avoided by restricting yvour proposal to a limitation on the use
of such activities, this would leave the question, referred to by Mr.
Pollack, of whether and how we could satisfy ourselves as to com-
pliance with any such agreement.

Let me conclude, Mr. Chairman, by thanking you for bringing your
proposal to public attention. We will examine carefully the testimony
and discussion during these hearings to be sure we are taking into
account all relevant information and points of view.

This coneludes my brief statement, Mr. Chairman.

RESEARCH RELATED TO CIVILIAN USES

Senator PerLL. T thank vou for your statement. I think your point
about research, and not prohibiting its use because of its relationship
to civilian uses, is a pretty valid one. I think in the public domain it
would pretty well take care of itself.

EFFORT I8 TO REMOVE SECRECY

What I am trying to do, and many of us in the Congress are trying
to do, is to try to get the secrecy removed from this area. If we can
remove the secret nature of these activities, I think Hlilll_\' of the
Inim't\.-; will then fall in place.

But it is the very secrecy of the operation that adds, I think, to its
danger for the future.

An excellent series of examples was given by Gordon MeDonald in
his book about 5 years aco. He mentioned the point that it is the
secrecy of these activities that perhaps enhance the military use. A
nation might not even be aware of the fact that these various activities
were lwmg engaged in as they suffered from the results.

POSSIBLE PREFERABILITY OF TERM “ESCcHEW"

[ think your suggestion with regard to research is a good one.
Another change that I intend to make in the second draft of this
treaty, because the draft in Senate Resolution 281 is merely the
first of half a dozen drafts of the final agreement that I hope will
finally be signed and come into effect, is to use the word “eschew”
rather than “prohibit” or “prevent.”

I understand that has a better legal sense. Would you comment in
that specific regard, from the viewpoint of the ACDA, why it |~ that
the word “eschew” is more preferable to “prohibit’”’ or “prevent?

Mr. Farrey. Mr Chairman, this is a new idea to me. If you wish,
I would be glad to have some thought given to this and give you an
answer, but I have not considered this question of the possible
]11(-fm~‘1b1111\' of the term “eschew.”




Senator Perr. I would be grateful and I would hope also it would
be in an unclassified form.
(The information referred to follows:)

Use oF Worp “Escuew’ 1y Ly oy “‘Prouisrr ANp Prevest”’

(Supplied by ACDA)

Without having had the benefit of hearing the arguments of those who have
suggested the use of the word “‘eschew’ in lien of “prohibit and !'l't'\l'll],-l I can
offer only the following initial reactions:

The word ““eschew’ sugeests to me avoidance, and thus might not amount
to an unqualified undertaking. On the other hand, i the uze of that word is in-
tended to allow activities such as rescue of downed airmen or fog dispersal at
airports, it would seem to me to be an unreliable way of achieving thiz objective.

2. The words * prohibit and prevent'’ appear to be derived from the nndertaking
in Article 1 of the Limited Test Ban Treaty, in which the parties undertake “to
prohibit, to prevent, and not to carry out " nue lear explosions of specified types.
There the words “prohibit and prevent” appear to me to add to the under-
taking of the state not to carry out the ;Jl'nr-:'r'i'lu‘ll activities a rl--}un|-:-\i'\‘|i]t'l\' L 14)
take :l|||:r'n!rri.'|t!- action to ensure that its cmployvees, agents, or others under its
jurisdietion or control do not carry out such activities.

OPENNESS OF RESEARCH

Mr. Fartey. Could I just say, because my silence might be mis-
interpreted, that in your previous remarks when vou spoke of the
importance of avoidance of seerecy, I was not clear whether you
intended those to apply to research, which was what the diseussion
began with.

[t is my understanding that the research in this field is open. I would

not want the contrary impression appear to be one that I agreed with,

Senator Pern. [ understand there is classified research in this field
being conducted under the Defense Department. The next witness
will be able to shed light on that. I would be delighted if he indicated
that this research was not classified.

OTHER NATIONS' INTEREST IN SUBJECT OF TREATY

In connection with the general background, are you familiar with
any other interest in or discussion of the subject of this treaty from
other nations,

Mr. Farrey. I am not aware of any of a governmental nature.
There have been some suggestions from nongovernmental bodies, but
there has not been active discussion, to my knowledge, of this matter,
for example, in the United Nations or in the Geneva Conference or
the Committee on Disarmament. Again, if 1 am ignorant of anything,
I will %li;)}rll-ulvnt that answer.

OTHER PROPOSALS ON SUBJECT

Senator PELL. Also, what proposals on this subjeet have been made
by other nations or illI('l‘I]:ilItllldi groups or within our own Govern-
ment? Maybe vou could submit this for the record at a later date, if
there are any other proposals,

[ am trying to get together in this hearing all of the information
obtainable.
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Mr. Farney. The only one I am aware of is by the body known as
World Peace Through Law Center. You may be acquainted with that.

OTHER NATIONS' POTENTIAL FOR WEATHER MODIFICATION ACTIVITIES

Senator PELL. Do you believe that other nations have the pote ntial
to engage in weather modification activities directed against our own
Nation?

Mr. FArLEY. There are a number of other nations who are engaged
in research on weather modification and who have a general tec hnical
capability in this field. Indeed, I believe one of your subsequent wit-
nesses, perhaps not today, will say something about what is being

done in this general field by other ¢ ountries.

That suggests, therefore, that one of the questions which we have
to look at n considering the merits of an arms control [1]‘l{=lf’ll s
the possibility that we may have more to gain by a general agreement
which removes the threat to us than we have to gain from uses of
our own of these techniques for military purposes. That is one of the
questions we have under examination.

PAST RECOMMENDATIONS TO LIMIT U.S. WEATHER MODIFICA 'oN
ACTIVITIES

Senator PeLn. I think it was about 7 years ago, in 1965, a “\[uull]
Commission on Weather M wtion recommende .i to llu- National
Hl'll_l']li'i' i"illllll!:l:i'l‘l a Presl lential statement I Pf |lf 3 lin ]Iilll'
American weather ::1---|ili-'|ii-n" li\ilin~ to peace 1l |nnJ:.m =,

In 1966, a year later, a report flilllli vd “Weather Modification and
Control,” prepared for the Commerce Committee, had the statement
to the t_’:“l‘u-.‘:‘:ll :‘f}'i“': that sue h an acreement *-i;ui’.l"] be -i',,"h-.'tl or ~E11=i['!sll
be moved ahead.

What was the response of the ACDA to comments such as these
when they were made 6 or 7 vear

Mr. Fartey. I do not know of any response by ACDA at that
time. My .'|\'..-!:‘n'l'.- 55 of a \l IJ\ interest in this sub ||r 3:~il-~ essenti-

ally with the beginning of t iteragency study which Mr. Pollack

has made Hl"lﬂ'nu to in his statement and discussion with you.
Senator PELL. You were part of that interagency study?
Mr. FARLEY. Yes iu.. that is one reason that I am
here today in reply to your [r. Smith, since in his absence

| |':~'ln['1-,~-~1.|i\--i ACDA.,

INFORMING ACDA OF 1 ARMED ERVICES WEATHER MODIFICATION
CTIVITIES

Senator PeLL. Is your agency fully and currently informed regarding
weather lilettii[in':l'li'l!l activities, no matter what kind, of the U.S.
armed services?

Mr. Farcey. It is always difficult to answer flatly whether one
is fully informed.

Senator PeELL. We weren’t informed in the Foreign Relations
Committee that we were conducting & war in Laos until it had been
Hul 1z on for almost 2 years.

Mr. FarLey. I cannot say unequivocally that I am.




HAS ACDA OPPOSED WEATHER MODIFICATION ACTIV ITIES IN INDOCHINA?

Senator Penn. I realize the restrictions under which you operate,
but has the ACDA opposed weather modification activities by mili-
tary and eivilian agencies in Indochina?

\II ]".-'-.!LE.E'\. We ]|:I'\|' not been i.!:‘-.:»!\mi IlTI any l]iﬂ'll-ﬁillTI of Illi*'-

1551e,

Senator PerLn. You have not been involved in any discussion of it?

Mr. FarLey. No.

Senator PeLy. Senator Case?

Senator Case. I think, Mr. Chairman, you have raised those
'lli-'-1]l:ll- that I would like to have Mr. l"-l!'il’_'. answer on the record.
[ have no questions. Thank you very much.

Senator PeLL. Thank you very much, indeed, Mr. Farley.

Mr, Farrey. Thank you. ;

Senator PELL. Our next witness is Benjamin Forman, Assistant
General Counsel, International Affairs, Department of Defense.

STATEMENT OF BENJAMIN FORMAN, ASSISTANT GENERAL COUN-
SEL, INTERNATIONAL AFFAIRS, DEPARTMENT OF DEFENSE

Mr. Forman. Mr. Chairman, before presenting my prepared state-
ment, I would like to acknowledge receipt of your letter to Secretary
Laird, which we received on this past Monday, July 24, requesting
that Dr. St. Amand accompany me as backup witness.

In checking to ascertain whether this request could be met, it was
found that Dr. St. Amand was out of the country and could not return
in time to be with me at this hearing.

Senator PeLL. 1 re that. Does that mean that the Department
of Defense will be perfectly willing to have him come up as a s itness
at another time when he is in this country?

Mr. Forman. As a Department of Defense witness?

Senator PeLL, Yes.

Mr. Forman. I don’t know the answer to that. Offhand T don’t see
any objection.

Senator PeLs. He is out of the country, not in Philadelphia?

Mr. Foraman. No, he is out of the country. In fact, he is in the
Azores at the moment engaged in the cloud seeding to which Mr.
Pollack referred.

Senator Pern. Thank you very much.

Mr. Foraax. Mr. Chairman, and members of the subcommittee:
Along with such other Government agencies as the Department of
Agriculture, Commerce, Interior, Housing and Urban Development,
Transportation, the National Aeronautics and Space Administration,
and the National Science Foundation, the Department of Defense
conducts research and development programs pertaining to the general
subject matter of this hearing under the aegis of the Interdepartmental
Committee for Atmospheric Sciences (ICAS) of the Federal Council
fﬂ[' Sl'i{‘]li'i‘ l”lli ’F('('i]““i("_’:_\_.

In relative dollar terms, the research and development effort of the
Department of Defense in this area is approximately .05 percent
of the Department’s total research and development budget. Com-
paring our relative level of effort in dollars with that of the other
Government agencies involved, the Department of Defense ranks




fourth. The major portion of the national weather modification re-
search and {|¢~\'c'|n|m|r‘nt programs is conducted b_\ the Departments
of Commerce and Interior, together with the National Science
Foundation.

The Department of Defense has no unique weather modification
techniques. Its research and development projects relating to en-
vironmental and geophysical modification activities are conducted on
an unclassified basis. The results of the research and development are
available to the public through the National Technical Information
Service of the Department of Commerce.

MAJOR DEFENSE INTERESTS

Research by the Department of Defense in this area is conducted
because of two major defense interests. The first of these is the pro-
tection of personnel and resources against weather hazards and thus
the improvement of our operational capabilities. Research programs
to meet this objective include investigations of techniques to dissipate
warm fog and cold fog and the seeding of eumulus elouds to inhibit or
enhance their growth. The President’s budget for fiscal vear 1973
proposes $1,429,000 for this area of research by DOD. The second
major interest is guarding against technological surprise by increasing
our understanding of the capabilities any potential enemy might
possess in this area. To this end the President’s budget for fiscal vear
1973 proposes $3,090,000 for exploratory development by DOD, de-
signed to develop a capability to predict climatic change due to
natural phenomena or inadvertent or deliberate human actions. This
research depends heavily on computer simulation: it is a threat ex-
lllm‘allinn program to determine whether there is a threat, where it is,
and of what it might consist.

CONDUCT OF DOD RESEARCH AND DEVELOPMENT

Department of Defense research and development is conducted
both in the laboratory (DOD, academic, and industrial) and in the
field. As indicated in the report of the Inter-departmental Committee
for Atmospheric Sciences, the field efforts are usually joint efforts
with other government agencies. One of the best known of these efforts
has been the one conducted with the Department of Commerce
(NOAA), known as Project Stormfury, which has investigated the
possibilities of ameliorating the severity of damage caused by hurri-
canes and typhoons.

WEATHER MODIFICATION OPERATIONS

The Department of Defense also conducts some weather modifi-
cation operations. We have not, as Secretary Laird has previously
stated to the parent committee of this subcommittee, ever engaged in
weather modification activities over North Vietnam. The Depart-
ment of Defense has conducted cold foz modification at air bases in
Alaska, the United States and Germany, where there is significant
occurrence of the cold fog phenomena. It has participated in rain
enhancement projects in Texas, India, the Philippines, and Okinawa.
As announced to the press on July 21 by the Department of State, the
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Department of Defense is currently undertaking a rain enhancement
project in the Azores at the request of the Government of Portugal,
which was made through diplomatic channels, in an effort to relieve
severe drought conditions. Reports thus far received indicate favor-
able but not vet definitive results. As Mr. Pollack has indicated to the
committee, all such requests for assistance are subject to thorough
interdepartmental review in Washington. This review includes an
evaluation of the probable effects.

INADEQUACY OF KNOWLEDGE CONCERNING ATMOSPHERIC SCIENCES

Notwithstanding the fact that studies in this area have been
conducted now for some 25 years by the Federal, academic, and
industrial communities, there remains a great deal that the Depart-
ment of Defense does not know about the atmospheric sciences. As
indicated in the June 1971 ICAS report on weather modification,
there are & number of technical problems on which further research
and development is required. According to Department of Defense
researchers, our knowledge of other areas of environmental and
seophysical modification is even more inadequate.

HOLDING ACTION ON 8, RES. 281 IN ABEYANCE RECOMMENDED

[n light of our present state of knowledge, the Department of
Defense believes that it does not yet have sufficient knowledge to
make an informed judgment as to whether a treaty along the lines of
Senate Resolution 281 would be in the national interest. Similarly,
this Department is not able intelligently to draft such a treaty if a
treaty were, in fact, in the national interest. And, finally, the Depart-
ment does not possess at this time the requisite scientific knowledge
and techniques to be able to verify compliance with such a treaty.

In the cireumstances, the Department of Defense is not in a position
to comment on the substance of Senate Resolution 281. It accordingly
recommends that committee action on the resolution at this time be
held in abeyance.

Senator PELL. Thank you very much indeed.

BASIS OF DOD INTEREST IN WEATHER MODIFICATION

[ have several questions that T would like to ask you. What is the
reason for the Department of Defense’s interest in weather modifica-
tion, the basis for it?

Mr. ForMAN. As I indicated in my prepared statement, our basic
reason in the field of weather modification is to protect our personnel
and resources against weather hazards and thus improve our opera-
tional capabilities. I mentioned in this regard, for example, the
problem of cold fog dissipation which has an obvious impact on the
ability of our planes to take off and land from air fields where the
cold fog phenomena exists. Similarly, of course, you have the problem
of thunderstorms, hail, lightning, and how they might affect opera-
tions while vou are flying.

Senator PELL. You say protection of personnel against weather
hazards and improved operational capabilities are perhaps prime
defense interests. Why would you want to seed cumulus clouds to
enhance their growth? The two would go against each other.
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Mr. Forman. I don’t think they necessarily do. Let’s take, for
example, the question of the Azores. Why is the Department of
Defense engaged in the operation in the Azores rather than the
Department of Commerce, for example, which I suppose could equally
do the job? We have, as I am fully aware this committee knows, bases
in the Azores. We have personnel there and they are, of course,
affected by the drought condition. It is, therefore, in our interest to be
able to alleviate that condition, apart from the general interest in good
relations with Portugal and the benefits to the people who live in
the Azores.

(The following information was subsequently supplied:)

Tecanican CoxsmeraTions Waicn Leap DOD To Coxpver ResparcH Ox
Exnancine Growrn or Comvrus Croups
(Supplied By Department of Defense)

There are also several technieal
research on enhanecing the growth of

1. Knowledge of enhancement
attainment of inhibition technology.

Enhancement of cloud growth is a possible technique for hail and lightning
suppression,

J. Causing rainfall in unpopulated areas some distance from our bases
installations may reduce the possibility of damaging storms afterwards in t
vicinity of those facilities,

4. To build a technology base for the capability to verify the use of weather
modification by an enemy,

onsiderations which lead DOD to conduct

L
cumulus elouds.

technology complements and furthers the

BEGINNING OF DOD WEATHER MODIFICATION RESEARCH

Senator PeLr. When did the Defense Department begin its research
in the whole area of weather modification?

Mr. Forman. I don’t know the exact date. Dr. Foster's letter to
you earlier this year indicated it was some years ago.

PAST AND PRESENT DOD WEATHER MODIFICATION RESEARCH
PROJECTS

Senator PeLL. I wonder if you could deseribe now or submit for the
record in an unclassified form a running statement of past and present
DOD research projects related to weather modification.

Mr. FormaN. Yes; I could submit for the record—for example, I
happen to have brought with me a technical report, No. 244, of the
Air Weather Service of the UU.S. Air Force, which is their fourth annual
survey report on the weather service modification program. It is a
public document.

Senator PeLr. We would like to have it in our files, if you could.
Maybe you could give a compilation of the different programs.

Mr. Forman, This discusses a number of programs which were
conducted during the fiscal year 1971. It is the most recent report to
have been published. It was published in April of this year. Would you
like earlier reports?

Senator PeLr. I would like the dates and a sentence description of
each program for the record. Could you submit that for the record?

Mr. Forman. Yes.

Senator PeLL. Thank you very much,

(The information referred to follows:)
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DeparTMENT OF DEFENse ResearcH Projecrs RELATED TO WEATHER

MODIFICATION
(Supplied by Department of Defen
PART I

Examples of Department of Defense R&D Projects in Weather Modification:
FY 71, 72, & 73.

Fiscal year 1971

Army: Continued a basic review of materials for seeding, development of
cumuluz eloud models for weather modifieation, and a joint project with the Air
Force for seeding eumulus clouds. Experiments continued for dissipating warm
clouds by heat sources and helicopter backwash. Continued efforts to develop

rational methods for clearing warm fog and stratus, and to improve existing
techniques for clearing supercooled fog. Continued investigating methods for
preventing high electrical fields in cumulus clouds {lightning suppression).

Navy: Carried on with the development of pyrotechnic as well as other fog and
cloud treating devices; conducted both theoretical studies and field experiments to
develop improved treatment techniques. With the Department of Agriculture,
expanded instrumentation of the jointly developed seashore test site for sindy of
advection fog. Continued its participation with ESSA (now NOAA) in Project
Stormfury, with major attention devoted to systematic exploitation of conditions
under which tropical cyclones are susceptible to modification.

\ir Force: With the Navy, continued different approaches to development of the

itomated airborne instruments needed for making fine-scale measurements of

wmd drop sizes, and produeing these data in a compute -compatible output for-
\ctivity focused on dissipation of fog and low stratus.

Fiscal year 1972

\rmy: Field studies concentrated on the modification of warm fog and were
conducted jointly with the Navy, Air Force, and National Oceanic and Atmos-
pherie Administration (NOAA). Investigations of atmospheric electrical structure
hear cumulus elouds and related modification possibilities were continued. The
Army continued its participation in the National Hail Research Experiment
(a project in hail suppression).

Navy: Warm fog and tropical storms continued to be the primary targets of the
Navy's weather modification research effort. Emphasis continued on laboratory
and field tests of nueleating materials, and methods of dispersal. Computer m« dels

¢ and convective processes were updated and improved through incorporation
atory and field experimental data.
vorce: Results of warm fog modification experiments condueted in California
during Jan. 71 were evaluated with an eye toward a larger test to be conducted in
1972. The purpose was to evaluate promising warm fog modification technigues
:mli_r--n||~cjdm‘ new approaches toward dispersing this operationally restrictive
condition.

Fiscal year 1978

Army: Studies will continue to acquire a better understanding of the physical
processes in the atmosphere which cause the formation, growth, and dissipation
of clouds, fog, and rain, with emphasis on warm fogs. Development of numerical
models deseribing the life cyele of natural radiation fog and deseribing various
methods of modification of radiation and advective fog will be continued. Field
studies will concentrate on the dispersal of warm fog by helicopter downwash
to obtain the information required to define the limits of this technique. Develop-
ment of a mobile propane dispenser for dissipation of local supercooled fogs will
continue. Investigations of atmospheric electrical structure near cumulus clouds
will be continued.

Navv: Warm fog and tropical storms continue to be the primary targets of the
Navy's weather modifieation research effort. Emphasis will continue on laboratory
and “field tests of nucleating materials, and methods of dispersal. Computer
models of fog and conveetive processes will be updated and improved t hrough the
incorporation of laboratory and field experimental data, and new empirical and
theoretical results. Development efforts will continue on instruments and methods
for studying natural cloud processes and for evaluating experiments.

Air Force: Full-scale field tests of the airborne hygroscopic particle seeding
techniques of warm fog dissipation will be conducted at an Air Force base on an
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operational basis. A pilot study using a ground-based heated-plume technique to
dissipate warm fog will be conduected at Vandenberg AFB, California,

Nore.—Source documents for the information given above are: ll!l"1"1"]’-'”'|'
mental Committee for Atmospheric Sciences Report No. 14, Janu 1970
Interdepartmental Committee for Atmospherie Sciences Report No. 15, March,
1971; and Interdepartmental Committee for Atmospherie Sciences Report No.
16, May, 1972,

PART II

Examples of !1--|a::r'!uu-ul of Defense R&ID) Field Tests and Ewvaluations in
Weather Modification.
f"l_'..\'i'lfgll year l'.'ﬂ’..l\'
Air Foree:
Project WARM FOG, conducted at Travis AT Base, Calif.: project initiated
letermine the feasibility of using jet engines for the quick-reaction dissipation

2. Project COLD FOG III, conducted at Wiesbaden AB, Germany: no tests
were made under the projeet sinee no persistent supercooled fogs oceurred at the
base. However, COLD FOG I and II had previously made use of dry-ice cakes
suspended in tethered balloons to initiate erystallization in the supercooled fog.

3. Project COLD WAND, conducted at Fairchild AFB, Washington: project
tested use of liquid propane as a cooling agent in fog modifieation; the technique
has been used operationally at Orly Airport, France since 1964,

{. Project COLD HORN, conducted at Grafenwohr Al Germany: project
tested a fog-modification technique using vented liquid earbon dioxide (COy) as
the glaciating agent.

3. Project COLD FAN, conduected at Kingsley Field, Oregon: project tested
using a carbon dioxide dispenser in both stationary and mobile configurations in
|!i-|l1‘l'-i!::: ‘~'H||l'l'{'-’H1]|-1! Fn-_r_.

ti. Project COLD COWL, conducted at Elmendorf AFB, Alaska: tested the
use of erushed dry ice dropped from an aireraft in dissipating supercooled fog.

Nore.—See Air Weather Service Technical Report 209, dated November 1965,
attached, for further details.

Navy: Continued cloud physies studies; progress in engineering weather modi-
fication experiments by computer modelling; participation in PROJECT STOR M-
FURY was limited by a dearth of tropical storm aetivity.

}'.J.\r'rrl{ year f.'ir.'.’*

Air Foree:

1. Projects continued from FY 68, viz COLD COWL and COLD WAND.

2. Project COLD CRYSTAL in Europe, conducted at Hahn, Bitburg and
Spangdahlem Air Bases, was very similar to Project COLD COWL in Alaska;
aireraft dispensed crushed dry ice to dissipate supercooled fog.

3. Project COLD PLUME was eonducted at Kinglsey Field, Oregon: lignid
propane was dispensed from ground-based trailers for dissipation of supercooled
T10g.

4. Projeet COMBAT WARDM; tested dispersal of tiny hygroscopic particles
from a ground-based blower 1o dissipate warm fog; as the particles fall to earth,
they absorb and remove moisture from the fog layer. Sodium nitrate (NaNOy)
was used as the seeding material.

Nore,—See Air Weather Service Technical Report 213, dated June 1969,
attached, for further details.

Navy: Continued cloud physies studies at the Naval Research Laboratory:
continued to develop computer models which deseribe the basic physical pro-
cesses important to weather modification research (experiments can thus be con-
dueted on a sound engineering basis); had highly successful participation with
NOAA in PROJECT STORMFURY.

Fiscal year 1970

Air Foree: Project COLD WAND continued at Fairchild AFB, Wash.; Projeet
COLD COWL continued at Elmendorf AFB, Alaska: and Project COLD CRYS-
TAL continued at Hahn, Bitburg and Spangdahlem AB in Germany. (See Air
Weather Service Technical Report 236, dated August 1970, attached, for further
details),

Navy: Cloud physics investigations continued at the Naval Research Labora-
Lory ; f'llII!]I]Il['r'i{,I’f! investigations focused on the use of hygroscopic materials,
heat, and helicopter mixing as means of fog dissipation; continued efforts in
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theoretical and laboratory research, field tests and evalnations, and engineering
development of hardware items. (See A Summary of the U.S. Navy Program and
FY 1970 Progress in Weather M ieation and Control, dated December 1970,
attached, for further details.)

Fiscal year 1971
\ir Foree: A total of 6 projects were carried out: 4 to dissipate superc wled fog,
1 to dissipate warm fog, and one to increase precipitation.

Project Location Mode Agent

Cold Wand ... oI ..... Fairchild AFB . Ground based -. Liquid propane.
Cold Flake B 3 Hahn AB do Do

Cold Cowl ceeves EINE rl A e Airborne. ___ ... Crushed dry ice.
Cold Crystal xS Germany.. . S0 e Do

Warm Fog ... McClellan AFB_. _do Hygroscopic solution.

YRro
Cold Rain_. - L= - Texas 2 T do e Silver iodide flares.,

NOTES
A complete description of each of these projects can be found in Air Weather Service Technical Report 244, dated Apnil
| year 1970 above continued.

of the v effort can be found in **A Summary of the U.S. Navy Program and fiscal year 1971
ification and Control, dated January 1972 copy attached.

Project Cold Rain: This U.S Air Foree projeet was conducted in June 1971 and
formed a part of a large Texas drought-relief program directed by the Bureau of
clamation. Supercooled cumulus clouds were seeded with silver-iodide nucleat-
terial to inerease rainfall (over what would have occurred naturally) in as
1 geographic area as possible. Air Foree WC-130 aireraft were used as seeding

r Project Cold Rain.
A very complete deseription of Projeet Cold Rain is contained in the
copy of Air Weather Seryiee Technieal Report 2495, dated December

Project Gromet 1I: Gromet 11 was a rain enhancement project undertaken in
the Philippine Tslands at the request of the Philippine Government toward the
end of a period of severe drought. The U.S. Air Force had operational responsibili
for Gromet II, and the U.S. Navy Naval Weapons Center provided technical
direction. Between 28 April and 18 June 1969, 58 seeding missions were conducted.
Each had as its primary objective the production of useful rain, The project was
sieecessful and the Philippine Government expressed official appreciation.
Notk.—A very comprehensive deseription of Project Gromet 11 is contained
in the attached copy of Naval Weapons Center Technical Publ ion )7,
dated May 1971, entitled “Gromet I1, Rainfall Augmentation in the Philippine
[slands.””
Lists of enclosures:
Air Weather Service Technical Report 203 (USAF) dated May 1968.
Air Weather Service Technical Report 208 (USAF) dated November 1965,
Air Weather Service Technical Report 213 (USAF) dated June 1969.

. Air Weather Serviee Technical Report 236 (USAF) dated August 1970.

5. “A Summary of the U.8S. Navy Program and FY 1970 Progress in Weather
Modification and Control” (Navy Weather Rescarch Facility) dated December
1970.

6. Air Weather Service Technical Report 244 (USAF) dated April 1972.

7. “A Summary of the U.S. Navy Program and FY 1971 Progress in Weather
Modifieation and Control’”’ (Environmental Prediction Research Faeility) dated
January 1972.

8. Air Weather Service Technieal Report 245 (USAF) dated December 1971.

9. “Gromet II. Rainfall Augmmnentation in the Philippine Islands,” Naval
Weapons Center Technical Publication 5097, dated May 1971.

10. “Project vv Cloud III, Phase I,” Naval Weapons Center Technical
Publieation 5297, « xd April 1972,

11 l‘l"'||'l“i Stort iry Annual :I';ull". 1970, I.h:i-l. of Naval ]L-i..'_ of Com-
meree, dated May 1971,

( Enclosures referred to are in the Committee files.)
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COORDINATION WITH STATE DEPARTMENT

Do you coordinate with the State Department in your weather
modification activities, such as in the Azores? You do that with the
State Department, I presume.

Mr. Forman. In fact, as I indicated, the request of the Government
of Portugal was made through diplomatiec channels, and the message
back to the Portuguese Government was a State Department message.

IMPORTANCE OF WEATHER MODIFICATION AB OFFENSIVE STRATEGY

Senator Perr. What importance is attached by DOD to weather
modification as an offensive strategy?

Mr. Forman. I am not sure I understand the nature of vour
question, Senator.

Senator PerL. Let me rephrase it more simply. Is there any impor-
tance, and, if so, what degree, attached by the Defense Department
to weather modification as a means of offensive strategy? In other
words, is it of no importance at all as a matter of offensive strategy or
is 1t sometimes contemplated as a means of offensive strategy?

Mr. Forman. Mr. Chairman, as \'m: know, and as vour recent
I:}”nr{ll\ with Mr. Pollack has reiterated, the position of the ]){‘]hlil—
ment of Defense is that it will not comment on operational uses in
this area.

Senator PELL. Do \n'l mean will not comment in open session?

Mr. Forman. Yes. This is classified.

GENERAL VOGT'S REFUSAL TO COMMENT IN EXECUTIVE SESSION

Senator PeLn. I would like to add at this point when General Vogt
was here in a classified session of the committee we asked him whether
we were engaging in these activities in Sontheast Asia and his answer
was he couldn’t comment in executive session. I think perhaps the real
answer 1s the e xec utive branch won’t comment on it in executive session
or in open session.

[ think the record should show without a violation of confidence that
he would not comment in executive session either.

INFORMING OF ARMED SERVICES AND APPROPRIATIONS COMMITTEES

Mr. Forman. I think the record should : Mpr, Chairman,
and indeed it does show sinee yvou put it into I|1l' ( <i1|l_{'::'h_-|:i!l:t! Record,
the Department of Defense has informed the chairmen of the two
Armed Services Committees and the two Appropriations Committees
as to the classified nature of certain aspects of our activities in this
area.

WHY AREN'T FOREIGN RELATIONS AND FOREIGN AFFAIRS COMMITTEES
INFORMED?

Senator PELL. That is true. I think the phrase you used in your
letter was, ‘‘the appropriate committees,” if my recollection is correet.
Why aren’t the Foreign Relations Committee and the Foreign Affairs
Committee appropriate committees to inform of such activities which
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obviously cross frontiers? The chairman of the Foreien Relations
Committee, to the best of my knowledge, has not been informed.
Or would vou be willing to correct me on that? I wish you would.

Mr. Forman. No: I can’t correct you. The letter that Mr. Pollack
reforred to was of this past March from Mr. Laird to Mr. Cranston,
who is & cosponsor of vour resolution. It specifies that the chairmen
of the four committees I mentioned were the ones who were fully
informed.

Senator Perr. I think the letter I received referred to the appro-
[\:'i;lT[‘ committees.

Mr. Forman. That was, T think, an earlier letter. This more recent
letter is dated March 18.

SHOULD FOREIGN RELATIONS COMMITTEE BE INFORMED?

Senator Perr. Do you not think this would be of concern to the
Foreien Relations Committee and they should be informed?
Mr. Forman. I am not in a position to answer that question,
Senator.
BASIS FOR DOD SELECTION OF COMMITTEES

Senator Case. What is the basis for the selection of committees
by the Department of Defense?

Mr. ForMman. ] can’t .HE‘.r‘:.‘k to that, sir. I did not make the selection.

Senator Case. Could you have an answer provided for the record
from the Department of Defense? Have you access to the people in
the Department who made that detern instion?

Mr. Forman. Senator, 1 could take the question back with me.

Senator Case. Where are you going to take it?

Mr. Forman. To the Secretary’s office.

Senator CAsE. Is it the Seeratary with whom you will talk?

Mr. ForMman. Yes. It is the Secretary who signed the letter I
just referred to.

Senator Case. If it is appropriate, I would like to have that an-
swered. Though I am a member of the Appropriations Committee,
I don't think, as such, that puts me in a different status than as a
member of this committee. I would like to know the rationale by which
the Defense Department assumes the suthority to make the selection.
Second. I would like to know the rationale which governs the selection.

This is a subject in which I am deeply interested, Mr. ( ‘hairman.

(\:';']‘1-:, Subsequently the Department of Defense supplied for
the record this statement.

RATIONALE oF DOD SeLEcrioNy oF ComMITTEES To Be IsrorMED CONCERNING
WEATHER MODIFICATION ACTIVITIES

It is not appropriate for a Department or Agency of the Executive Branch
of the Government to become involved in jurisdictional issues between Com-
mittees of the Congress. The disposition of classified information provided to the
Congress through the Congressional Committee of primary jurisdiction over the
particular Department of the Executive Branch is a matter for Legislative
Branch determination.
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Further related to the subject was the following exchange of letters:

SEPTEMBER 14, 1972
Mr. Rapy Jounsox,
”I,‘Hr'r af Seerelary af Dr_.f‘r R '."ru‘ Legislative . |"IJ?I-J'-\', Dy partment of Hulf} nse, P nlagon,
W ashington, D.C. I

Dear Mg. Jounson: Pursuant to today’s conversation between John Marks
of my staff and Colonel Harry Dunn of your office, 1 would be grateful if vou
could send a reply for the hearing record on 8, Res. 281 to the question I asked
Mr. Forman on July A

Specifically, I would like to know why the Armed Services and Appropriations
Committees were chosen, and the Foreign Relations and Foreign Affairs Com-
mittees were not chosen to receive information on 1) the overall weather modifica-
tion program, 2) the tactical application of weather modification in Southeast
Asia, and 3) Project Intermediary Compatriot. I would be grateful to learn how
such a decision is made, and whether or not the Defense Department would be
willing to share the same information with the For 1 Relations Committee
now that there is a prospective international agreement concerning weather
modification before the Committee.

:"I‘ill!‘!'l'l']_\',
Crirrorn P. Casg,
U.8. Senalor.

GENERAL COUNSEL OF THE DEPARTMENT 0F DEFENSE,
Washington, D.C., St plember 21, 1972,
Hon. Cuirrornp P. Casg,
/.8, Scnate,
”':raf'.ﬂ:n[h‘rm‘ D.C.

Dear Sexaror Case: This is in response to your letter of September 14, 1972,
which requests information as to how the Department of Defense determines
which committees of the Congress to keep informed of matters pertaining to
its administrative responsibilities.

As stated in the insert for the record provided to the subcommittee on
H:-jri('mln'l‘ 7, 1972, the Department does not consider it .-1|-]:|‘nja1‘i;n|‘ to become
involved in committee jurisdictional issues. As a practical matter however, the
Department routinely and traditionally conduets its business on a daily basis with
those committees of the Senate and House of Representatives, which under the
rules of those two bodies have jurisdietion over the authorization and appropria-
tions for the various functions assigned to the Department. In the functional
areas of Operation and Maintenance, Procurement, Research and Development,
Manpower, Military Construction and others, the Committees assigned juris-
diction by the Senate and House Rules are the Armed Services and Appropriation
Committees.

With regard to your second question, I respectfully refer vou to Dr. Foster's
letter of December 16, 1971, in response to a similar request by Chairman Pell,
a copy of which is attached.

Sincerely yours,
J. Frep Buzuarpr.

Attachment as stated.

Direcron oF DeErense REsuarcH AND ENGINEERING,
Wash ington, D.C., December 10, 1971.
Hon. Cratsorne Prri,
Chairman, Subcommitiee on Oceans and International Environment, Commillee on

Foreign Relations, U.S. Senate, Washington, D.C.

Dear Mg, Caamrman: Your letter of 3 December 1971, which was addressed
to the Secretary of Defense, has been referred to this office for reply. In ¥
letter yon expressed dissatisfaction with information previously furnished to
by Mr. Rady Johnson on the subject of Department of Defense weather modifica-
tion activities.

Certain aspects of our work in this area are classified. Recognizing that the
Congress is concerned with the question of the military application of weather
modification technology I have, at the direction of Secretary Laird seen to it that
the Chairmen of the Committees of Congress with primary responsibility for this




Department’s operations have been completely informed regarding the details of
all elassified weather modification undertakings by the Department. However,
information to which I refer has a definite relationship to national
find it necessary to respectfully and regret-
losure of the details of these activities at this

since the
security and is classified as a result, 1
fully decline to make any further dise
time.
Sincerely,
(8) Joux 8. Foster, Jr.

Senator Case informed the chairman of the committee, Mr.
Fulbright, that he considered the information supplied by the Depart-
ment of Defense to be ‘“nonresponsive” to the questions raised and it
wWas :|f_’|'(‘l't] that at a later time consideration would be _'_:'i\'i'll to the
subject of obtaining an informative response to the question |':1i.-a:-d.)

Senator PeLL. Thank you very much, Senator Case.

As a member of the subcommittee dealing with this subject, 1 am
particularly grateful to you for giving us the time that you have given.

INFORMING COMMITTEE IN EXECUTIVE SESSION ABOUT WARTIME
USE QUESTIONED

While the chairmen of those four committees have been informed,
vour earlier statement that you could inform us on the subject only
in executive session is nol correct.

Mr. Forvax. Senator, I didn’t understand you to be addressing
vourself solely to Southeast Asia when you made that comment. I
just don’t know the answer when yvou are talking as possible opera-

tional use in wartime.

Senator PELL. But the only war in which we are engaged is in
Southeast Asia. When Senator Fulbright asked General Vogt whether
we are using it, to the best of my recollection, his answer was that
he could not comment on this subject in executive session.

Mr. FormAx. I am not disputing that, Mr. Chairman; [ am merely
observing, if I understood your initial question correctly, that you
were talking about possible offensive uses in wartime and not con-
fining yourself to the present hostilities in Indochina. It is that on
which T am uncertain. Obviously, there are certain things which
would be apparent to anyone who might think about the subject as
to the possible uses one might make of weather modification. I could
speculate as to some of it myself.

I would be hesitant to speculate in open session because [ might
be getting into areas which are classified. I just don’t know. Whether
these possible uses, which, as I say, are entirely irrelevant from what
we are or not doing in Indochina or might have done, are classified,
[ am just not certain. I mean [ am not certain to what extent they
might be revealed to your committee.

POSSIBILITY OF MELTING POLAR ICECAP

Senator PerL. Getting into a few of these possible uses, has the
Defense Department ever studied the possibility of what may sound
like far-out proposals, though they are not r sally, such as changing
the axis of the earth. Have you ever studied the possibility of melting
the polar icecap?

Mr. FormaN. Senator, I am informed we just don’t know how to
do much of anything in this area, that we don'’t know how to modify




44

the currents of the ocean or the atmospheric currents above us. There
are a great many things we just don’t know in the geophysical field.
The study I mentioned earlier about computer simulation of possible
climatic effects or predicting climatic changes—if I may refresh my
recollection for a moment—does not deal with how to remove the
Arctic ice, but it does go into the question of will we have climatic
variations due to major changes on the earth’s surface such as the
removal of Arctic ice, and to what extent can we predict this on a
computer.

As I indicated, I am told by our researchers that our state of knowl-
edge in this area is virtually nonexistent. We just don’t know how to
do it.

Senator PeELL. Have there ever been any field trials or experiments
in melting the polar icecap conducted by DOD?

Mr. Forman. 1 don’t know this

Senator PeELL. You simply don't know?

Mr. Forman. I don’t know.

Senator PELr. Could you find out and submit for the record your
reply?

Mr. Forman. I will check. As I say, I have been informed that our
capability to engage in any sort of modification along geophysical
lines does not exist.

Senator PeLL. Still, would vou submit for the record whether or
not DOD has engaged in any experiments with regard to melting
of the polar icecap. It should not be classified.

Mr. Forman. The icecap as such?

Senator PeLL. Yes. Could you do that?

Mr. FormaN. Yes.

(The information referred to follows:)

DOD Response To QUERY CONCERNING MeLTING Porar Icecap

DOD has not engaged in any experiments or field trials t¢ melt the polaricecap.

Senator Pern. That certainly would not have to be classified.

Mr. Forman. I should see no reason why it should be as a research
p]'ujm‘l.

Senator Perr. 1 am trying to keep this as unclassified as we can.

RESEARCH RELATING TO GENERATION OF EARTHQUAKES

What research has DOD conducted relatine to the generation of
earthquakes, what geophysical activities?

Mr. Forman. My understanding is that our research in the field
of earthquakes is virtually nil or is nil in the modification sense that
you are addressing. We do, of course, do research on l"llliiilildl\t'*- in @
different area. That is the area of the problem of verification, of the
Nuclear Test Ban Treaty. It is in that field, in the verification aspect,
rather than the modification aspect.

HAS DOD ENGAGED IN WEATHER MODIFICATION OVER CUBA?

Senator PELL. Has DOD engaged in any weather modifications
over Cuba?

Mr. Forman. I don’t know the answer to that question.

Senator PerL. Could you submit that for the record, please?
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Mr. Forman. Certainly.
(The information referred to follows:)

Dop Response T0 Query CoNCErNING WeaTHER MobrrFicatioN Over Cusa

DOD has not engaged in any weather modification over Cuba.

COORDINATION IN ENVIRONMENTAL OR GEOPHYSICAL RESEARCH
EXPERIMENTS

Senator Perr. What provision is made for coordination between
DOD and State and with foreign governments in the case of any
environmental or geophysical research experiments?

In other words, do we let other countries know the results of our
seismic research under the Nuclear Test Ban Treaty?

Mr. Forman, Yes; generally speaking, the other nations are in-
formed of the results of our research, or I should say of our operations.

OPERATION POPEYE AND INTERMEDIARY COMPATRIOT

Senator Pern, Were Operation Popeye and Intermediary Compa-
triot coordinated with the State Department? Were they aware of
these operations? Could you describe them to us, briefly?

Mr. Formax. Senator, all I know of those operations is what I
have read in the papers and the Congressional Record in the last 6
months or so, speaking personally.

Senator PeLL, This is why we asked Mr. Laird to send us a com-
petent W 1tness.

Mr. Forman. Going beyond that, of course, as you have been told
by Mr. Laird and by Dr. Foster, the Department of Defense has no
comment to make.

Senator PeLL. You are right. They told us this, as I said, in both
public and private sessions. Would you be free to say whether these
operations were coordinated with the governments of the nations
involved, Thailand and Laos?

Mr. Formax. I can’t add to what I have already said. That is the
position of the Department.

Senator PeLL. Presumably, then, these projects are classified ; is that
correct?

Mr. Foruman. I don’t wish to even admit, sir, that there were such
projects.

Senator PerL. I think the name of the project is public knowledge.

Mr. Forman. I have read that statement in the newspapers, but, as
yvou know, the mere fact that something appears in the newspaper
does not necessarily mean that the Department of Defense or other
Government agencies, as the case may be, will comment on the accu-
racy of the story. By way of analogy, we are in this area, I think,
somewhat in the position that we are with regard to publicity with
respect to nuclear weapons, where, as you know, the policy is neither
to confirm or deny.

Senator PeLL. 1 don’t know whether the executive branch admits to
the validity of the so-called Pentagon Papers, but on page 421, volume
4, of the edition put out by Beacon Press of Boston—and 1 believe
they have been reprinted by the Government Printing Office—it refers

s92—72—4
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to Laos l:|ni'|‘:ltilrl|- “Continue as at present |}111.~; ()[n-l'utiml 1’::|1{'-_\i-

to reduce trafficability along infiltration routes.” That is on page 421.

You are not free to comment on the validity of that statement?
Mr. Forman. No, sir.

WHY CAN'T WITNESS COMMENT ON SOUTHEAST ASIA OPERATIONS?

Senator PerLn. If you were free to comment on our operations or
nonoperations on the Greenland Icecap or with regard to earthquakes
or submit a comment on Cuba, why is it that yvou cannot comment on
any of these operations in Southeast Asia? What is the difference?

Mr. Forman. Senator, perhaps my answer was a little elliptical.
All I intended to convey was that I would take your questions back to
the Pentagon. I am not sure what the response will be. I don’'t know
whether it will be a flat answer or the answer will be that this falls
within the previous general statement, with certain aspects relating to
national security and classified accordingly.

Senator PeLL. Is there any reason why any Member of the House
and Senate should be denied information relating to weather modifica-
tion activities on a classified basis? What is the reason for this wool
that we find in this regard? It is extremely frustrating because theo-
retically we have a certain oversight nqm:mluhl\ We authorize and
appropriate money the use of which we don’t always know. Why is i
that we are denied either in an open session or in a closed wa-,mn
information with regard fo these activities or these nonactivities?

Mr. Forman. [ am unable to elaborate on the statements which
have been made in this regard, Senator.

Senator PeLL. (‘uultl you give us the reason why you are unable to
answer this question?

Mr. Forman. Senator, if I am correct in my recollection, both you
and Senator Case a little while ago in effect asked that question of me,
and T undertook in response to your request to pass it along to the
Secretary’s office. That 1s all T can do.

WITNESS' TERMS OF REFERENCE IN ANSWERING QUESTIONS

Senator PrLr. Basically, would this be permissible from your
viewpoint? What are the terms of reference that have been given to
vou in u11-\\1\:lIW our t|||v~tlull-' On any question in regard to ‘weather
modification in Southeast Asia vou are not permitted to answer; is
that correct?

Mr. Formax. Other than what the Secretary has said with regard
to North Vietnam.

Senator PeLL. He said in answer to a question from the chairman,
I believe, that no such activities were being engaged in over North
Vietnam. He did not say Southeast Asia. He limited himself to
North Vietnam.

Mr. Forman, Correct.

MISSION OF OL—2 UNIT AT UDORN AIR FORCE BASE

Senator PeLL. Would you be free to comment on the mission of the
unit that had the description OL~-2 stationed at Udorn Air Force Base
in Thailand or would this be beyond your terms of reference?




47

Mr, Formax. I don’t know the unit and I don’t know whether, if T
did know of the unit, it would or would not be within my terms of
reference.

Senator Pern. Could I ask you to take that back and submit for
the record a brief résumé of the mission of the unit authorized by the
Congress and paid for by the taxpayers? In this particular case, if you
wish to make 1t classified, make 1t classified.

Clould you permit yourself to do that?

Mr. Forman. I will certainly take back anything the chairman asks
me to take back. But I cannot commit the Department of Defense
as to the answer, sir.

(The information referred to follows:)

Mission oF OL-2 Uxir aT UporN Air Force Bask
(Supplied by Department of Defense)

The mission of the unit is to provide aerial reconnaissance weather data as
may be necessary to support TAF combat operations. In addition, provides storm
weather reconnaissance as requested by the Joint Typhoon Warning Center.

Senator PerL. This is one of the reasons why we asked Secretary
Laird for somebody who would be able to give these answers.

ACTIVITIES OTHER THAN POPEYE AND INTERMEDIARY COMPATRIOT

If we ask yvou these questions and there is no comment, we just go
through the ritual. In what weather modification activities has the
American Government engaged in in Southeast Asia other than
Popeye and Intermediary Compatriot?

Mr. Forman. The same answer, Mr. Chairman.

HAVE ARMED SERVICES PROVIDED SUPPORT FOR CIA?

Senator PerLL. Have the armed services provided support to the
CTA for the purpose of carrying on weather modification activities?
Mr. Forman. The same answer, Mr. Chairman.

DOES DOD SHARE INFORMATION WITH OTHER CIVILIAN AGENCIES?

Senator Perrn. Does the DOD share information concerning its
weather modification activities with other civilian agencies?
Mr. Forman. The same answer, Mr. Chairman.

WHY DOD RATHER THAN CIVILIAN AGENCIES?

Senator PeErL. You mentioned earlier that the armed services have
engaged in a number of weather modification operations at the re-
quest of and n cooperation with other governments.

Why should such activities be carried out by DOD rather than one
of the civilian agencies, such as NOAA or the Department of Com-
merce?

Mr. Forman. I believe I gave one example or one reason in the case
of the Azores, as one reason why DOD was doing it rather than others.
It might also be that the assets for undertaking the operation which
are already in j1|:u‘¢' are those of DOD. Therefore, it would be less ex-
pensive for DOD to do it.
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COULD WEATHER MODIFICATIONS IN SOUTHEAST ASIA BREACH DIKES?

Senator Pern. Could weather modifications in Southeast Asia, if
conducted, produce flooding and breaching of the dikes? That is not
saying what we are doing. I am asking if they were conducted could
thev produce breaching of the dikes and floods?

Mr. Forman. I don’t think I can go beyond the answer given from
a technical point of view to yvou earlier by Dr, Foster. You are asking
me to speculate on the outcome of the state of the art.

[ am sorry, the letter I referred to was from Rady Johnson to you,
dated November 23, 1971. I would like to read that particular para-
;'_’,'[':i]lil,

There is no known way to make rain under all conditions. When the prope
meteorological conditions prevail, that is, when clouds capable of producing natur:
rain exist, it is a relatively simple matter to inerease the amount of rain which
will fall. The amount of rain is frequently of the order of 30 to 50 percent. This
augmentation is well within the natural limits of rainfall for regions within which
experiments have been conducted. Massive downpours far in excess of natural
oceurrences have not been ]:J'udill-vll. and theoretical ];Hu\\'lr-ih_;i- at hand indicates
that this will probably always be the case.
~ Similarly, there is no known technigue which will permit the steering of storms
in a specific area.

CAPABILITY OF DISSIPATING CLOUDS

Senator PeLL. In addition to the seeding of clouds producing storms,
is it not also a military capability to be able to seed clouds and dis-
sipate them so as to expose the targets for possible bombing?

Mr. Forman. Again, Mr. Chairman, we are getting into the area
which I indicated earlier I could speculate as could anybody else who
thinks about the matter as to possible military applications of weather
modification activities.

Since I am not informed as to which of these possible speculative
uses might in fact be incorporated into existing planning or con-
tingency thinking, I would prefer not to speculate about the subject
lest my speculation be possibly construed as evidence of the fact that
we are in fact so planning or thinking.

CONSULTATION CONCERNING CLOUD SEEDING TO DAMPEN
DEMONSTRATIONS

Senator PeLr. Coming closer to home—and I hope this is not a
classified answer—has the Department of Defense ever been consulted
recarding the possibility of cloud seeding to produce rain to coincide
with antiwar demonstrations around Washington or other cities?

Mr. Forman. I don’t know the answer to that.

Senator PeELn. Could you find that out? Would that fall within
your terms of reference? Would you let us know?

Mr. Formax. I will let you know,

Senator PELL. On an unclassified basis?

Mr. Formax. Well, the answer will certainly be unclassified.

Senator PeLr. Right. But the question is: Has DOD ever been con-
sulted regarding the possibility of cloud seeding to dampen
demonstrations?

Mr. Forman. I presume when you say ‘“consulted,” you mean re-
quested by some other Government agency or department?




Senator PeLr. Exactly.
(The information referred to follows:)
DOD Resronse To Query CoNcerNING CrLoup SgepiNGg To DaMPEN
DEMONSTRATIONS

No such request was ever made to DOD.
RESEARCH CONCERNING PRODUCTION OF ACIDIC RAINFALL

Senator PerL. Has any means been developed to the best of your
knowledge, to treat clouds with chemicals that would produce acidic
rainfall .thlc of fouling mechanical equipment, such as radar,
trucks, artillery, or antiaircraft weapons? I am not talking about a
geographic area, but a general field of knowledge.

Mr. FormaN. You are talking research now?

Senator PeLL. Yes.

Mr. Forman. Not use and not operation. I don’t know the answer
to that question. As I indicated, our research is unclassified. The re-
ports are available.

Senator Perr. I am reading a press report and I won dered if you
would comment on its validity. 1t is to the effect that a method i
being developed for treating clouds with a chemical that eve 11111'111\
produces an acidic rainfall capable of fouling the operation, in this
um- of North Vietnamese radar equipment.

The question I directed to you was whether the research was
lli'i!u{ done.

Mr. Forman. As I indicated, sir, I don’t know the answer to that.

The research, as I have previously said, is unclassified. Our reports
are distributed widely through the NTIS (National Technical In-
formation Service) of the Department of Commerce. Certainly, if we
have done it, it should show up in the periodic bibliographies.

AVAILABILITY OF WEATHER MODIFICATION RESEARCH

Senator Pern. Is all research in connection with weather modifi-
cation activities unclassified?

Mr. Forman. This is what I have been informed, that all our
research is conducted on an unclassified basis and the results of that
research is made available to the public.

Let me modify that to some extent. We might :-nnw-i\'uhly have
some research result which is proprietary. For example, if the work
were done by some industrial firm, there might (umnl\.ihl\ be some
technical knowledge which 1~ not classified but yet proprietary to the
firm and w itll h might, therefore, not be widely disseminated but made
available only on a limited distribution basis to those who are engaged
in the field and who are obligated by contract to respect the proprie-
tary rights.

Senator Perr. Would this include the research done at China Lake
Research Center?

Mr. Forman. So far as I know, it is unclassified in this area.

Senator PELr. In what area?

Mr. Forman. Weather modification. As you know, there is other
research done at China Lake, which is a naval weapons center.
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AVAILABILITY OF DR. 8T. AMAND TO TESTIFY

Senator PeLn. But the weather modification is unelassified. Dr. St.
Amand is the head of that laboratory; is he not?

Mr. Forman. T am not sure of his job description.

Senator PeLL. He is head of the weather modification portion of if.

Mr. Formax. I note from your letter to :‘"\vl'l'i'1:||'_\' Laird that you
deseribe him as the head of the Earth and Planetary Sciences Division
of the Naval Weapons Center, China Lake.

Senator PeLr. So his work would be unclassified?

Mr. Formax. Yes, sir.

Senator PELr. So there is no reason why he could not come up here
without any wraps from the administration and be able to tell us
freely of his activities?

Mr. Forman. I would presume if the questions were confined to
the actual research ]N'itl;_" conducted and the results of the research as
distinguished from the possible application of the research in terms
of military application, he should be able to testify in that area.

REASON FOR DEFENSE DEPARTMENT MODIFICATION
OF RECOMMENDATION 218

Senator Penn. Going for a minute to the recent Stockholm meeting,
why did the Defense Department want to modify Recommendation
No. 2187 What was the reason for that?

Mr. Forman. I think Dr. Pollack has indicated the basie reasons.
I don’t know that I can enlarge upon what he said other than to remind

the chairman that, at least so far as I can reecall, it is fairly standard
language in these treaties to modify these absolute obligations by such
words as “to the maximum extent feasible” or “where practicable,”
:II]:] S0 f::I‘ih.

If I am not incorrect in my recollection, I believe the Seabed Arms
Control Treaty, to which reference has been made, has similar language
in its text.

REASON FOR EXECUTIVE BRANCH SECRECY

Senator PeLn. I want to return for a moment to the central point
that bothers me.

What is the reason for the secrecy of the executive branch in this
regard both in executive session and in open session? Why won’t they
discuss activities of this nature, either to say they are being done or
are not being done? I can’t get to my own satisfaction the reasons for it.

What we are dealing with here is the question, as Mr. Pollack
pointed out, of not just climate modification, which he said we would
eschew, but weather modification.

I realize weather modification is not going to change the weather
over Chicago 3 days later. But weather modification crosses frontiers,
This was made very clear when Secretary Laird said we are engaging
in no operations over North Vietnam. You don’t have to engage in
them over North Vietnam to have an effect.

The general question is: Isn’t it generally better to be rained on
with rain instead of rained on with bombs? The answer is * Yes, unless
the rain produces floods that kill or seeding clears the clouds in order
1o 1I|'nl} bombs.”
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[t also opens up a Pandora’s box of new weaponry. My own thought
is when vou open this door, when this particular camel get’s his nose
under the tent of the arsenal of weapons and bores in, there will be
many more weapons along these lines that will develop, some of which
are outlined in Dr. MacDonald’s excellent book. He will be a witness
here tomorrow.

We are dealing with the environment, with the climate, which is the
property of all citizens everywhere. This flat refusal to comment in
this field creates a very bad impression, not only in the minds of
the Ameriean public but I think of the Congress, too.

In my own 12 years here I don’t recall a single area where comment
is as flatly refused as this. If we are talking about the creation of rain
to flood out the Ho Chi Minh Trail, which may produce floods as
well that would be devastating to many of the civilians—if we are
doing that, why can’t we say so?

We are certainly saying we are dropping weapons that kill now.
What is the reason behind the adamancy of the executive department?
Can you give me some enlightenment? We have been very patient on
the Hill, but there is a tremendous sense of frustration, and it is the
right of the public, the taxpayer, to know about it.

Can you give me a little guidance as to the thinking, the reasoning,
or the rationale of the Defense Department in saying no comment, or
the same comment and refusing to reply in open or private session?
Could you give me a little help?

Mr. Formax. I regret that I am unable to, sir. I would, however,
like to call vour attention to the fact that a few minutes ago when
vou were talking about the general area, you used the word “climate.”
[ presume that was inadvertent.

Senator Pern. I am sorry?

Mr. Formax. I said that a few minutes ago in your statement you
used the word “climate’” in the context of changing the environment,
ias \\'(’H s \\’l‘il.l}l!'[' |||U(Iiﬁl'l||il)11.

Senator PeLn. Mr. Pollack said the United States would not engage
in any climate modification activities. What we are talking about
here is weather modification, a more tactical as opposed to strategic
approach.

Mr. Forman. I merely wanted to make that point, sir. I am sure
you did not intend to use the word “climate” in the sense that Mr.
Pollack used it.

Senator Peur. I didn’t. I said I agreed with Mr. Pollack.

Mr. Forman. I thought you said we would not comment about
“climate.”

Senator Perr. I said the Government eschewed the use of climate
modification. I accept that. What I am discussing with you is weather
modification, a very different subject, as you well know, which is the
specific subject of the draft treaty on which I am trying to get a
comment from the executive branch of the Government.

I don’t talk about climate modification. I talk about weather
modification which is a loecalized use of weather changing for military
reasons,

REASON FOR EXECUTIVE BRANCH REFUSAL TO COMMENT

T recognize you are speaking here as an intelligent individual but
with certain guidance from the executive branch. However, 1 don’t




think T have ever heard as unresponsive a series of replies in open or
closed session really since I have been here on the Hill.

[ again would ask you: Could you not give us a little general,
broad, philosophical background without being specific on the reason
the executive branch refuses to comment in either closed or open
session on this subject?

Mr. Forman. Mr. Chairman, I repeat, as I said earlier when
Senator Case was here, all I can do is take that question back to the
Secretary’s office for an answer. I am not in a position to respond to it.

Senator PELL. I am deeply aggravated, deeply disappointed and
must, I think, really recess this committee with the request for perhaps
somebody who can comment. At least that broad comment would be
of interest to the American people, and certainly to me, as to why it
should be so classified.

I hope we will not continue doing these things. I think it ought to be
a matter of public knowledge. If it is in private knowledge we will
find the same weapons being used against us. We will find other
examples of weather modification or environmental modification being
used that will have an effect on our agriculture, our fisheries, our own
life here.

WITNESS INSTRUCTIONS CONCERNING DISCUSSING WEATHER
MODIFICATION

[ think we should bring these approaches into the open. Rather
than saying that this will conclude the appearance of this particular
witness, I think I must press you one step further and say are you

under instructions not to discuss this subject?

Mr. Formax. I am sorry, I don’t understand what you mean by
this subject.

Senator Perr, This subject being the use of weather modification
activities for military purposes in Southeast Asia.

Mr. Forman. Yes, sir.

Senator PELL. You are under instructions in that regard?

Mr. Forman. Yes, sir.

Senator PeLL. Then I really must recess this hearing and ask you
to take back the message to the Secretary of extreme disappointment
on my part, and on the part of the committee, and hope that a more
forthcoming witness, not criticizing you as an individual, but a
witness with instructions that will permit him to answer the general
questions I have asked, would be forthcoming, or that you could
submit for the record such information.

Mr. Formax. 1 understand.

Senator PELL. On that note of frustration, I think I must recess
this committee.

If you or another witness care to come back tomorrow, you would
be most welcome, particularly with regard to the last question of
what is the reason for the refusal of the Department to discuss this.

If a witness will come back tomorrow with that reply in an un-
classified form, we will put him on ahead of all the other witnesses.
[ would hope that he might.

Accordingly, this committee is recessed until 10 o’clock tomorrow
morning.




(Whereupon, at 11:55 a.m., the subcommittee recessed, subject
to the eall of the Chair.)

Additional questions submitted by Senator Case and responses of
the |)v]:::|‘va:i1 of Defense follow:)

ADDITIONAL QUESTIONS SUBMITTED BY SENATOR CASE AND
RESPONSES OF THE DEPARTMENT OF DEFENSE
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PROHIBITING MILITARY WEATHER MODIFICATION

THURSDAY, JULY 27, 1972

UNITED STATES SENATE,
SUBCOMMITTEE ON DCEANS AND
INTERNATIONAL ENVIRONMENT OF THE
ComMiTTEE oN Foreiey RELaTIONS,
Washington, D.C.
The subcommittee met, pursuant to recess, at 10 a.m., room 4221,
New Senate Office Building, Senator Claiborne Pell (chairman of the
subcommittee) presiding.
Present: Senators Pell and Case.
Senator Pern. The Subcommittee on Oceans and International
Environment will come to order.

OPENING STATEMENT

[n opening our hearing this morning on this subject, I would like
to read into the record a letter which I wrote Secretary Laird yesterday.
It reads as follows:

Dear Mi. SecreTARY: You no doubt have been informed that I felt mm][::-llr'il

this morning to reecess the hearing of the Subcommittee on Oceans and Inter-
national Environment because of the nonresponsive testimony of Mr. Benjamin
Forman, Assistant General Counsel, International Affairs, of the Department of
Defense. The subject matter in question concerned the weather modification
activities of the Defense Department in Southeast Asia.

Although Mr. Forman readily discussed aspects of weather modification in
which he said the Defense Department had no operational programs, Mr. Forman
indicated that he was under instructions not to answer the subcommittee's
questions concerning weather modification in Southeast Asia on the grounds of
the security classification of the information involved. When asked why such
information should be classified, or why the restrictions had been placed upon his
testimony, Mr. Forman found himself unable to respond. Accordingly, I recessed
the hearing and asked Mr. Forman to relay to you my request that he return to
the subcommittee hearing tomorrow with answers to my questions or that some
other Defense Department witness appear who could explain the reason for
invoking seeurity classification.

The explanation for the extraordinary secrecy with which this subject is
treated by the executive branch is a comp lete mystery to me. The fact that the
United States has engaged in weather modification in Southeast Asia is no longer
a secret. On what basis can the Defense Department openly discuss its bombing
operations in North Vietnam and at the same time invoke secrecy in the case of
weather modification?

I sincerely hope that you will send a representative to tomorrow’s hearings to
address the questions left unanswered today. As I informed Mr. Forman, the
subcommittee will arrange for your representative to appear at the outset of
tomorrow’s hearing.

There have been various telephone calls back and forth. At I‘h‘l
report there would be no witness coming up today. Am I correct? Is
anybody from the Defense Department here?

(No response.)
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Senator PErn. No. So T want to read that letter into the record
and reexpress my shock and concern and, really, indignation at the
way we are apparently engaging in these activities and cloaking them
in secrecy and not commenting on them. As was brought out yester-
day, we will not comment on them as a Government either in open
session or closed session. So I imagine this seems to be one of, I hope,
a small number of activities on which the Congress is .-'Ilpl!llﬂl':l to be
absolutely uninformed except for the four chairmen of the Armed
Services and the Appropriations Committees, I understand there are
inquiries being made through the press. The information that reaches
hem is not as complete as it might be.

[ would add that we will resume these hearings any time the De-
fense “\‘E'::‘I'lmr}ll finds itself in a more 1‘|-~;mn~i\w mood.

Today we continue our hearings on Senate Resolution 281, which
expresses the sense of the Senate that the United States should
seek the agreement of other Governments to a proposed treaty pro-
hibiting the use of any environmental or geophysical modification
activity as a weapon of war.

Yesterday the Defense Department witness admitted that he hac
been instructed not to answer any iiljfh-llrrll.‘- concerning milit: ary
weather modification n_l::"l':r.ii.nlh' in Southeast Asia. This response
reinforces myv own belief that the United States is, indeed, utilizing
weather modification techniques as a weapon of warfare. Such ac tion
may cause irreparable damage to our global environment and could
undermine existing peaceful scientific projects, such as the global
atmospheric research program and the world weather watch.

[ sincerely hope that the administration will reconsider 1[» position

on this issue of environmental warfare before more damaging prece-
dents are set.
know that a number of the distineuished witnesses here today
share this view, and I am hmkm- forward to hearing their testimony.
Our first witness today is my own colleacue in the Congress, Con-
oressman Gilbert Gude. Ts he here?

HEARING PROCEDURE

Welcome, colleague, to the session. I would add the witnesses can
make their plans accordingly. I understand that Dr. White has a
pressing eng: wn ment afterward, and I hope Dr. MacDonald would
forgive me if I ask Dr. White to come in ahead of him.

STATEMENT OF HON. GILBERT GUDE, A REPRESENTATIVE IN CON-
GRESS FROM THE EIGHTH CONGRESSIONAL DISTRICT OF THE
STATE OF MARYLAND

Ar. Gupe. Mr. Chairman, it is a distinet privilege to appear before
this subcommittee. You, Mr. Chairman, have a remarkable record of
sponsoring arms control measures, particularly the Seabed Treaty,
for which we owe vou so much. It is enconraging, therefore, that this
cominittee is considering the challenge to good sense and arms control
raised by the specter of geophysical warfare.

[ have served for almost 2 years as Chairman of the World Environ-
ment and International Cooperation Committee of Members of Con-
gress for Peace through Law—MCPL. MCPL is a bipartisan, bi-
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cameral association of 32 Senators and 101 Congressmen. Together
with Senator Alan Cranston, our committee’s Vice Chairman, we
have been investigating the military use of weather modification since
March of 1971.

I have noted that you will hear from a number nl' eminent scien-
tists today, and that yesterday you were briefed by administration
spokesmen, such as it was. [ will leave the 1ul1mv.xl details of this
new form of warfare to 11;(--1- experts. I do want to explore, however,
three major areas of my concern over the duulupnunt and use of
environmental warfare techniques: The arms control implications,
the effects on the U.S. scientific community, and the environmental
consequences.

ARMS CONTROL IMPLICATIONS OF ENVIRONMENTAL WARFARE TECHNIQUES

Concerning arms control implications, it appears that this country
has precipitously blundered into a most unwise use of technology. The
arms control implic ations are staggering. As Senator Cranston and I
pointed out to the Secretary of Defense on June 15, 1971;

Using weather modification as a military tool opens the door to a vast unknown
category of warfare. Although te chniques are primitive today, experience with
other military systems suggests that refinements inevitably will eome.

We are taking a step that demands gifted foresight and prophecy
beyond our powers. For this reason alone, caution—even abstention—
should be our guide.

COMMAND AND CONTROL PROBLEMS

Why should we be so alarmed about a technique that is not nearly
as lethal as other forms of warfare? There are several reasons: First,
there are distinet command and control problems associated with
geophysical warfare and weather modification in particular. We simply
do not have effective short- or long-term control over the climates of
the world. We can create certain disturbances, but as civilian ex-
pe riments have shown, control i1s not Very ])I‘t‘ri.ﬂ’, In a illi]i!:‘.l'.\' en-
vironment, control over the results of weather experimentation is
eveln more uncer tain.

The command problem is no less acute. Since the techinology to date
does not i[l\ul\t' great expense or -U|Ji'l~lll ated t'(|1lllllm]l| J.i 18 not
difficult to imagine the use of weather modification by many different
military subunits. In fact, there have been reports that we have trained
the South Vietnamese to use weather modification. There are no
double-key safing mechanisms here, no exclusive possession as with

uclear weapons,
POTENTIAL INDISCRIMINATENESS

We must also consider that the use of weather modification is
potentially illt“:s(‘l'i[llii!:ll(.‘. Unlike other weapons, the winds and
seas are not so directable that we can diseriminate between one target
and another. By their nature, they are areawide weapons. We cannot
flood only milits ary targets or cause drought in areas producing only
military rations. The technology will be used against people regardless
of their uniform or occ upation. Weather modification will inevitably
strike civilians harder than nearby military objectives. Will rain along
the Ho Chi Minh Trail succeed where years of bombing has not?
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And what price will it exact from the agrarian societies along its
path, both friend and foe?

DIFFICULTY OF DETECTION

The 1ssues of command, control, and diserimination highlight
another disturbing characteristic of weather modification, the diffi-
culty of detection. Unlike other weapons, it may be possible to initiate
military weather modification projects without being detected. In
other words, the military results may not be visibly tied to the initiat-
1!1“‘ party. This raises the FIH-"-&”I.I“]\' of the clandestine use of 0=
physical warfare where a country does not know if it has been attacked.
The uncertainty of this situation, the fear of not knowing how another
country may be altering your elimate, is highly destabilizing.

POSSIBILITY OF FALSE CHARGES

[ can also envision another possibility. Suppose, for example, that
a U.S. plane flys a routine, nonmilitary mission near Chile, Egypt, or
Tanzania and by some quirk of fate a major earthquake, flood, or
forest fire occurs in one of these countries. Because we have been tink-
ering with geophysical warfare, we could be charged with creating
that environmental ealamity due to the mere proximity of the U.S,
aircraft. Propaganda would echo around the world. There is ample
precedent for believing that this could happen. We need only remem-
ber the incident during the Korean war when the North Koreans
unjustly claimed that we were using poison gas.

ADMINISTRATION LEADERSHIP IN ARMS CONTROL FIELD

The administration has shown great leadership in the arms control
field. SALT and the ban on biological weapons are two excellent
examples. It is to this record that we should look for a model to follow.

There are certain parallels between weather modification and the
early use of chemical warfare in Vietnam. Then, as now, we did not
know the long-term consequences of our actions. We are only now
beginning to understand how profound was our effect on the Viet-
namese |-<niu=r\ We cannot afford to repeat this experience. There-
fore, I propose that the President’s initiative in the biological field
could be used as a relevant model for restrictions on gl-()llh_\ sical
warfare,

CONSEQUENCES OF MILITARY ENVIRONMENTAL WARFARE ON SCIENTIFIC
COMMUNITY

Mr. Chairman, my second area of concern deals with the conse-
quences of U.S. military environmental warfare on the U.S. scientific
community. Geophysical warfare can poison the atmosphere sur-
rounding legitimate international programs such as the global at-
mospheric research program, the international hydrological decade
and meteorology in general. We have already seen that it caused the
U.S. delegation at the Stockholm Conference to water down & recom-
mendation on climatic changes. The potential for embarrassment is
great and for that reason Senator Cranston and I conducted our
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correspondence with the Defense Department in private for over a
year until the issue broke in the press.

Our scientific community could come under suspicion or attack at
these international meetings, The trust built over the years by our
excellent atmospheric scientists could be dispelled in one stroke of
i’l\nl:;}:lm v.\]n-t'im:'»nl:llinn, For this reason, 1t is of paramonnt im-
portance that the Secretary of Defense publicly divorce all U.S.
military weather modification or geophysical research activities from
civilian organizations.

The U.S. Forest Service already has been drawn into the Vietnam
conflict and in a most disturbing manner. Who would have thought
that the same agency that teaches “Help Smoky stamp out forest
fires!” would be contracted by the Pentagon to help create firestorms
in Vietnam. It is a sien of the pervasive influence of this mistaken war.

ENVIRONMENTAL CONSEQUENCES OF WEATHER MODIFICATION

In recent years we have come to realize that many of our activities
in society have undesirable environmental consequences. Too often
we learn of these after much of the damage has been done. The area
of weather modification has potential for causing considerable environ-
mental harm and I regret the fact that the public has been kept
ienorant of what developments are taking place.

The Department of Defense has testified that it is conducting a
study of climate modification known as Project Nile Blue. Under this
study a sophisticated computer called the Illiac IV will further advance
our technological knowledge of how to change weather patterns.
Obviously, such knowledge can be used for offensive military purposes.

Today there exists the strong likelihood that we have artifically
increased rainfall in Indochina. Obviously, this activity can be
significantly destructive. Floods and intense downpours can do more
than hinder troop movements; they kill people and they destroy
property.

Such operations are still at a primitive stage; however, beyond
making rain, we just look to the possibility of prolonging droughts,
redirecting storms and hurricanes and setting off earthquakes with
small nuelear devices, Even the possibility of permanently changing
the world’s climate by tampering with the polar ice cap is no longer
in the realm of science fiction.

We learned at the dawn of the atomic age that no military potential
will long remain in the sole control of one power. It may be possible,
for |".\':lm[1|t‘. that as the Soviets ||s'\'r'1up their computer If‘f.'ht'].uhlf_'}'
their weather control technology will progress correspondingly. But
we should not be forced into this field due to some possible Soviet
interest and neither should we encourage the U.S.S.R. to increase its
capability because of our experimentations. It is in the best interest
of both countries to avoid a technology race that could culminate in
environmental disasters.

Many authorities have testified that weather modification is a
Pandora’s box. This is true in more ways than one. We not only do
not know how far our technology will take us, but we also have no
idea of what may be the permanent consequences of the experiments
we have conducted so far. The top secret acidic rain, produced by the
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so-called hydroscopic seeding, is a prime example. Has it changed
the acid content of the soil? Does it destroy plant life or alter the
ecosystem of the area on which it falls?

ABSENCE OF NATIONAL POLICY ON WEATHER MODIFICATION

In the exchange of correspondence with the Department of Defense,
Senator Cranston and I repeatedly inquired about U.S. national
policy regarding weather modification. In one reply we were told that
weather modification has been discussed in DOD for some 20 years.
It probably goes back even further, for during World War II we
solved a foz problem at Iwo Jima airport by blasting the top off
a nearby hill. Regardless of the time span, the most startling point
is that only recently has an Under Secretary’s committee been
convened to formulate a definitive national policy. Twenty vears or
more we have been moving toward a new form of warfare with no
overall policy guidance. ])t'|n|:\ Director of Research and Engineering,
John S. Foster, has said that ‘‘Presumably this policy when completed
will be announced to the Nation in some appropriate fashion.”

[ think we have all waited too long. I must also note that the
Pentagon has been most uncooperative in our search ihnl' ANSWErs
They have decided to keep this aspect of our Vietnam policy secret
from the public and from Congress except for one or two committee
chairmen.

RECOMMENDATIONS

In light of the potential embarrassment and environmental hazards
involved in geophysical warfare, I have three firm recommendations:

First, I recommend that all geophysical research and development
be conducted under open, civilian auspices except disignated defensive
military applications designed to w\( lives. Picking up downed pilots
and fog control at airports would be examples of permitted activities.
There is no justification for I)HI) to remain in the business of har-
nessing the environment for military use.

Second, I recommend that the United States I'l‘_‘;u-u'I all forms of
geophysical warfare as of a date certain and request other nations to
join in an international treaty to that effect. The model of the bio-
llv' ical agreements could \\l"l be followed, illl'l'll“ll_‘.{' a no first-use
provision.

Third, I recommend the ¢ .‘--:|1ir; of a civilian oversight board com-
posed of representatives of the National Academy of Sciences—NAS,
Environmental Protection Agency—EPA, Department of Defense
DOD, Arms Conirol and Disarmament Agency-—ACDA, Department
of Agriculture, Department of the Interior, Department of Com-
merce—NOAA, NASA, Department of State and a nonvofing repre-
sentative from the United States Intelligence Board—USIB, to be
chaired by NAS, to insure that all environmental research and opera-
tions do not have covert military applications and to insure the
divorce of military and ecivilian scientists studying geophysical
engineering.




61
INSERTIONS FOR THE RECORD

Mr. Chairman, this concludes my remarks except to ask that my
exchange of correspondence with the Department of Defense be
placed in the record at this point, along with the two excellent articles
from Science 111:r‘_f:l'/.ii't‘ |l'\ reporter Deborah .“"il.‘silfz‘_\': and a letter to
the President jnir|1]_\ signed ]:_\' the Federation of American Scientists
and the Sierra Club.

Senator PerLn. Without objection, they will be placed in the record.

(See appendix, pp. 103 and 108.)

ARTICLE BY MR. PFEIFFER AND MR. WESTING

Mr. Gupe. I also commend to the committee a recent article ap-
pearing in Environment magazine by E. W. Pfeiffer and Arthur H.
Westing on the “Environmental Impact of Modern Weapons Tech-
nology in Southeast Asia.” (See appendix, p. 115.)

Thank you. I appreciate your consideration.

Senator PeLL. Thank you very much for a thoughful and construe-
tive statement,

UNJUST ACCUSATIONS

I was particularly struck by the point that we can be accused
unjustly of engaging in this kind of activity if we don’t open up our
present activities, We could be accused unjustly, as yvou pointed out,
if a plane or vessel happened to be in the proximity of a natural
disaster somewhere around the world.

5. RES. 281 DRAFT PROPOSAL AS WORKING MODEL

In connection with your second recommendation to the effect that
we would join in an international treaty, I was wondering if you had
a chance to go over Senate Resolution 281 and what vour reaction
was to that particular draft proposal as a working model,

Mr. Gupe. I am strongly in support of the general thrust of the
resolution, Senator Pell, and would like to submit comments point by
point to your resolution.

Senator Pevr. I would welcome those comments as I look at this
first draft with improvements made in the use of the word “eschew”
rather than “prohibit,” which, I believe, is a legal connotation that is
preferable. I would hope that before too many years have gone by we
would see emerging at the United Nations some treaty of this sort.

[ thank you very much for coming up and giving us vour time.

Mr. Gupe. Thank vou, Senator Pell.

Senator PerLr. Thank you, Mr. Gude, very much.

The next witness is Dr. Robert White, Administrator of the National
Oceanic and Atmospheric Administration, Department of Com-
merce, a friend and individual whom T admire very much.

Would you introduce yvour colleagnes?
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STATEMENT OF ROBERT M. WHITE, ADMINISTRATOR, NATIONAL
OCEANIC AND ATMOSPHERIC ADMINISTRATION, DEPARTMENT
OF COMMERCE; ACCOMPANIED BY DONALD MOORE, ASSISTANT
ADMINISTRATOR FOR ENVIRONMENTAL MODIFICATION; AND
JAMES BRENNAN, OFFICE OF THE GENERAL COUNSEL, NOAA

Mr. Waite. I'd be glad to do that, Mr. Chairman.

On my left T have Donald Moore, our Assistant Administrator,
Snvironmental Modification; and on my right is James Brennan of
our General Counsel’s Office.

I welcome this opportunity to appear before your subcommittee
today to discuss the international aspects of weather modification and
the possible control of other geophysical processes.

There is no doubt in my mind that we have only just begun to
develop the potential for human betterment by the artificial modifica-
tion of natural environmental processes. Our capabilities for con-
sciously affecting environmental processes are still primitive. Our
scientific understanding on which such capabilities are based is limited.
Nevertheless, we have reached a point where some of our techniques
are nseful. This is true in the field of weather control. In other fields,
such as earthquake control, only the theoretical possibilities are under
examination. Because it is in the field of weather control where the
widest spread activity is now going on, I would like to focus my
remarks on the status in this field.

ABILITY TO AFFECT PRECIPITATION PROCESSES

What is the nature of the weather control ecapabilities we now
possess? Almost all capabilities are based on the concept of seeding
cloud systems with agents such as silver iodide, dry ice or salt, thereby
providing nuclei which affect the precipitation processes.

We now have the ability to disperse cold fog where water droplets
are below freezing. This technology is widely used at airports around
the world where cold fog oceurs with some regularity. In the case of
warm fog, present experimental techniques have shown some promise,
but no reliable and practical warm fog dispersal system now exists.
Success with warm fog dispersion can make 1t possible to deal success-
fully with the remaining airports having significant fog problems.

We now have the ability to modify rain or snow in certain geographi-
cal recions and under certain meteorological conditions. Experiments
in Florida with tropical eumulus and with clouds formed on the up-
slopes of mountains in the West indicate that rain can be increased
in a reasonably predictable way when cloud conditions are right. In
other types of clouds and in other geographical locations, the results
have been mixed and in some cases precipitation appears to have been
suppressed when the opposite effect was intended.

As we learn more about precipitation processes, we can look forward
to the time when we can deal successfully with a broader range of
meteorological phenomena and over wide geographical areas. In time,
we should be able to increase precipitation in a predictable manner
for the purposes of increasing soil moisture, replenishing reservoirs
and the like. Az our knowledge expands we can look forward to the
time when it will be possible to redistribute precipitation in order to
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make more efficient use of the moisture reaching the ground. We «

also visus lllh' the possibility that one day our science and technol
may enable us to suppress unwanted precipitation. One need onl
recall the recent I{'Iili'l Citv and east coast flood disasters to realize

the tremendons benefits to be derived from such a capability.
However, the full ||r'-F_-.-r'el':.=| of ]rl'{‘vigl'l'-nEinII enhancement, redis-
tribution and suppression will not be realized until we learn a great
deal more than we know now about the physics and dynamics of
clouds and cloud systems, Improved nucleation theory, better tech-
niques for delivering the seeding agents to the target area, more accu-
rate and reliable instrumentation, carefully designed and controlled field
experiments and the 'Ir-wiup;m nt of computer models to simulate
the actual microphysical and dynamic changes that take place during
seeding, all are needed before we can say we understand tlln' processes
involved and can routinely obtain predictable and beneficial results.

HATL AND LIGHTNING SUPPRESSION

Hail and lightning suppression_through weather modification 1s
showing inereasing promise. The Russians and French are obtaining
results in suppressing hail to reduce erop damage and our U.S. experi-
ments in hail suppression are now maturing. The United States has
reported some success with experiments to reduce forest fires through
lightning suppression techniqites.

MODIFYING HURRICANES AND OTHER SEVERE STORMS

We are exploring the possibility of modifying hurricanes and other
severe storms. Theoretical and experimental work in the last decade
have placed our approach to these problems on & sound scientific basis
with encouraging results. In experiments in hurricane Debbie of
several years ago, the maximum winds in the hurricane eyvewall were
reduced by as much as 30 percent. While this was extremely encourag-
ing, many more such experiments will be necessary to confirm these
results as a change of this magnitude is uii}li the natural variability
of Iml'i‘iu'.-mlu The benefits of a suecessful hurricane moderation capa-
bility would be tremendous. Hurricanes, typhoons and fropical
cyclones bring devastation by wind, flood-producing rain and—most
lethal of all—the storm suree, Hurricane Bi tsy in 1965 ushered in the
era of the billion dollar hurricane, causing $1,420,500,000 in property
damage—slightly exceeded in 1969 by Camille, with $1,420,700.,000
in damage.

In a recent study of hurricane modification, Stanford Research
Institute estimates benefits of up to R')illi million from moderating
single storms such as Betsy or Camille. No dollar values can be placed
on the reduction in human suffering that would also result.

EFFECT OF CLOUD SEEDING OUTSIDE SEEDED AREA

Another unknown in weather modification is the effect that cloud
seeding m v have on weather outside the area unde rgoing seeding.
Some pre liming Ty studies indicate that such an effect mq LY in fact ocenr,

Additional -lllu. of this 1s needed.
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INTERNATIONAL INTEREST IN WEATHER MODIFICATION

The imH'lHi;ll benefits of weather modification are widely recognized
in many nations, and work in this field is spreading. The following
countries have active programs to determine means for increasing
precipitation when and where it is needed: Australia, Brazil, India,
Israel, l'l'r!ll Mexico, the I,||1|i‘rf1irlr'~ and the U.S.S.R. Countries
actively engaged in studying means for dis spersing fog include Canada,
France and the US.S.R. Countries having active hail suppression
research programs include Canada, France, [taly, Japan and the
USS.R.

Perhaps just as important, many nations are now actively seeking
assistance in the use of weather modification tec hrnrium to alleviate
water shortages and reduce hail-induced crop losses. The United States
has assisted these countries in a variety of ways. We have loaned
experts who act as consultants to the meteorological agencies of the
countries concerned. These experts study the climatology of the area
and advise on weather modification techniques and field programs. In
other cases, private U.S. weather modification companies have entered
into contracts with foreign countries for the purpose of augmenting
precipitation and/or suppressing hail. Countries that have received
U.S. assistance or have contracted with the U.S. companies in recent
years include Afghanistan, Argentina, Brazil, Chile, Cyprus, Ethiopia,
Iran, Kenya, Libya, the Philippines and Taiwan.

International interest in weather modification is high and growing.
But such common intereat in weather is not new. The nations of the
world l]l'l}l'-ll] upon one another for weather data. Storms move across
national boundaries and all countries depend on one another to be
forewarned of these events. Weather has been a binding international
force and traditionally it has been an area of almost selfless collabora-
tion among nations. To coordinate the international data exchanges
and other meteorological activities, the United Nations has established
the World Meteorological Organization (WMO). The WMO and its
predecessor organization, the International Meteorological Organiza-
tion, date back to 1873.

NEED FOR INTERNATIONAL COORDINATION AND COOPERATION

Now that certain kinds of weather modification are a reality, it is
possible for actions in one country to affect the weather of another.
The potential for conflict is immediately apparent and the need for
international coordination and cooperation becomes vital if we are to
make progress and realize the potential benefits of this technology.
International cooperation in weather modification is of long-standing.
The WMO has considered the subject of international weather modifi-
cation for two decades.

The need for international f'ml[lf'l':l?it:li is illustrated I]I\' p[‘njf-ﬂ
Stormfury, a program designed to investigate the feasibility of
reducing the intensity of hurricanes. The program is a joint Depart-
ment of Commerce/Department of Defense endeavor and is co-
ordinated with foreign countries in the operating areas by the State
Department. This program has been in continuous operation in the
Gulf, Caribbean and Western Atlantic since 1962. We are hopeful of
moving the experiment to the Pacific in a few years to enable us to
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know very little about the possibilities of inducing lasting climatic
change as this knowledge depends to a large extent on research now
being carried out on the general circulation of the atmosphere and the
interaction between ocean and atmosphere.

As I mentioned earlier, earthquake control must be considered far
in the future. A few experiments indicate that it may be possible to
stimulate small earthquakes along known active faults by injection of
& fluid under high pressure through a bore hole, but the extrapolation
of this work to the deliberate release of significant energy by an earth-
quake fault is highly conjectural.

Large-scale modification of the oceans also seems remote at this
time.

The concept underlying the proposed treaty is an important one
that deserves extensive discussion and further study. However, our
knowledge of environmental control techniques must be further
advanced before it would be desirable to consider proposal of any
treaty.

I will be glad to answer any questions vou may have.

Senator PeELL. Thank you very much indeed, Dr. White.

I was very struck by the sentence in your statement where you
talked about the importance of the openness of the research and
experimentation going on and the need to cooperate between nations
in this regard.

DESIRABILITY OF PROHIBITING USE OF WEATHER MODIFICATION IN
WARFARE

I want to ask you whether you believe it would be desirable to
prohibit the use of weather modification in warfare?

I realize that you have put your views into the Department of
State as a lead agency and, as you know, they have opposed the
pressing ahead with my Senate resolution as of now. But I would like
to put to you the more general question as to whether you believe it
would be desirable, in our national interest, to prohibit the use of
weather modification in warfare, as a general statement, without going
into the specifics of this treaty?

Mr. Warre. Mr. Chairman, I would have to defer, on that question,
to those agencies of the Government that are responsible for formulat-
ing that kind of national policy. The decisions as to what is in the
general national interest on this matter are the responsibility of the
Department of State, the Arms Control and Disarmament Agency,
and the Department of Defense.

Senator PeLr. Right. You were not here, I don’t think, vesterday.
We had the Department of Defense witness with us and I think m
my 12 years here I have never received such a series of replies to the
effect that he couldn’t reply. He said he was under instructions in this
regard. The thing that is so frustrating for this committee is that in
private, executive session we also were told that no comments can be
made in this field. One is left with the conclusion this is of such para-
mount national interest, it is so secret, that the Congress is not to be
trusted with it, in closed or open session. The Defense Department
says it has informed the four chairmen of the appropriate commitiees.
The Foreign Relations Committee is not one. So I am trying to create
a general viewpoint or a consensus as to what would be best for the
country, and really for humanity, as we move on down the road.




HAS NOAA COOPERATED IN WEATHER MODIFICATION ACTIVITIES IN
SOUTHEAST ASIAT

Going back to your own agency, has NOAA cooperated in weather
modification activities in Southeast Asia?

Mr. Waire. No, sir.

Senator PELL. So you would not be directly part of or cognizant of
any operations in that part of the world?

Mr. Waite. I have no knowledge of any of the alleged weather
modification activities in Southeast Asia.

Senator Peru. Thank you.

DISCHARGING RESPONSIBILITY WITHOUT ENOWLEDGE OF MILITARY
OPERATIONS

Do you think that in your own work you could discharge a respon-
sibility effectively when you are in international conferences without
knowledge of whatever military operations we are engaged in in this
field? Do you feel inhibited?

Mr. Wirre. Mr. Chairman, I believe that it is likely that the kind
of publicity that has now been given to the alleged operations in Viet-
nam will eause difficulties for us in international conferences where we
are discussing meteorology. 1 say this on the basis of previous ex-
periences I personally have had in international conferences going back
a number of years.

For example, some years ago the Soviet Union, on the basis of articles
or statements which had appeared, leveled accusations that the United
States was planning the military use of weather modification. So I
think it would be fair to say that there is a good chance that the kind of
attention that has been given to this problem in the press and other-
wise will likely give rise to similar kinds of statements in international
conferences and will make it difficult for us.

However, 1 should also say that there is no evidence to date, on the
basis of my interactions with other countries, that any of these things
have in any way impeded to this point in time our ability to cooperate
with these nations on weather modification.

Senator PeLL. We were both together at the Stockholm Conference,
a really remarkable conference, and, one at which I was very glad to
have been with you. We saw the damage that was done to our position
by the various environmental activities in which we had engaged in
South Vietnam. I would think it would be very much the same kind of
circumstance if the weather activities in which we have engaged be-
came established.

PROHIBITING ACTIVITIES BEFORE THEY ARE TOO FAR DEVELOPED

Alone the same line, wouldn’t it be a good idea to get a treaty pro-
hibiting these activities into effect before Ehl‘_\' are too far si:"\'ij‘ltlin‘ti?
When I worked on the Seabed Disarmament Treaty and we pre-
vented weapons of mass destruction, those weapons were on the draw-
ing boards of the nations involved, the Soviet Union and our own.
There is evidence from the excellent articles by Mr. DeSilva and Mr.
Hersh and othersin the press here that we are engaged in these activi-
ties in Indochina. The question I am putting to you is—it is an iffy
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REQUIRING FEDERAL AGENCIES TO REPORT WEATHER MODIFICATION
ACTIVITIES

This is a rather technical question. I want to read it carefully so I
get it straight:

In 1958, the National Science Foundation was given authority by
public law to require all people engaged in weather modification
activities to report such activities. Ten vears later, in 1968, this
authority was repealed in another law. For 4 years, now, no agency
or department has such authority. Then a year ago, another law was
passed that required all people, all persons engaged in nonfederally
sponsored weather modification activities in the United States to
report those activities to the Department of Commerce, to your
department.

Jo vou believe that federally sponsored projects should also be
required to report to a central point; that is, you?

Mr. Wiire. The legislation as it was written and the rules and
regulations that are now being promulgated and are being reviewed
through the Federal Register, of course, pertain to non-Federal
agencies. However, we are taking steps within the Federal Government
to prepare an Executive order that will require Federal agencies to
report in exactly the same way.

Senator Perr. I thank you verv much indeed, Dr. White, and
appreciate your coming very much indeed.

Mr. Waire. Thank you, Mr. Chairman.

Senator Pern, Our next witness is Dr. Gordon MacDonald, a
member of the President’s Couneil on Environmental Quality and the
author of a chapter in a remarkable book put out by the Viking Press
called “Unless Peace Comes,” which I was rereading the night before
last. I must say I think it is probably the first scientific description
written in terms that a lavman like myself can understand of what
could happen if we start fiddling with nature, the atmosphere, geo-
physical conditions, too much. I am very grateful for your coming up
and being willing to testify at this time.

Do you have a prepared statement?

STATEMENT OF GORDON J. F. MACDONALD, MEMBER, COUNCIL ON
ENVIRONMENTAL QUALITY

Mr. MacDoxarp. Yes, Mr. Chairman.

I very much appreciate the opportunity to testify before this sub-
committee today on the subject of geophysical warfare, with special
emphasis on weather modification and the policy problems it presents
to our country.

Senator PerL. Excuse me for interrupting. I think this would be
interesting for the sake of the committee record. Without objection, I
will ask there be placed in the record the chapter vou wrote in this
book on how to wreck the environment, page 181 to page 206. (See
appendix, p. 124.)

Mr. MacDonarp. Thank yvou. As I was mentioning, I appreciate
this opportunity to discuss geophysical warfare, though I will give
special emphasis to weather modification and the policy problems it
presents to our country.
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In my own view, it is indeed a hopeful indication of things to come
that vour subcommittee is already addressing itself to this very
important issue.

Throughout his history, man has lived totally dependent on the
whims of weather. Improper rainfall or sudden flood all too often
brought extreme privation and death. Indeed, weather was so impor-
tant to man as to be a major recipient of his religious attention. But
with the benefit of the past 25 years of accumulated knowledge,
orowth of technology and experimentation, we can now look forward
to managing to a limited but important extent this most significant
aspect of his environment for the benefit of all mankind.

WHAT WEATHER MODIFICATION I8

What is weather modification? Briefly, it consists of stimulating
certain particular meteorological conditions that are capable of
producing desired weather phenomena or ameliorating undesirable
ones. Thus, while man cannot directly create the weather he wants by
brute force, except in such places as the Astrodome, he can in certain
circumstances trieeer instabilities in the atmosphere to modify existing
weather conditions, much as a single shout can sometimes trigger an
avalanche. Research in weather modification thus focuses upon
identifying these meteorological instabilities, learning how they can
be tricgered, and understanding the ways they work and the results
they achieve. '

CONDUCT AND APPLICATION OF WEATHER MODIFICATION RESEARCH

Weather modification research is being conducted and applied in a
variety of ways. For some time now, airports have been cleared of
supercooled ground fog by seeding the fog with dry ice or silver iodide,
One airline has estimated that this procedure has a 5-to-1 payoff of
benefits over costs. By contrast, the artificial generation and main-
tenance of ground fog can be used to protect orchards against frost.

Much of the present effort in weather modification today is being
devoted to the objective of clean water augmentation. We now have
a substantial amount of experience in understanding the meteoro-
logical cireumstances under which cloud seeding will inerease snowpack
on the mountains. In a very real sense, this is banking winter’s precipi-
tation. In the spring the snowpack melts and provides the runoff for
the river basin area which produces clean water for urban use, elec-
trical power generation, and irrigation. Snow augmentation in the
Colorado River Basin is estimated to be able to produce an increase
of about 2 million acre-feet of clean water each year. Clean water
augmentation can also be done,anywhere that nature provides the
potential in existing cloud systems. Where rainfall is marginal, an
mcrease of only 5 percent rainfall at the right time of year may mean
the difference between crop failure and a bountiful harvest.

AREAS OF RESEARCH NEEDING FURTHER EXPLORATION
Characteristic of young and promising areas of human endeavor,

much more research on weather modification is needed. Hail suppres-
sion efforts offer attractive research opportunities for example. Ex-
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NEED FOR PRIOR ENVIRONMENTAL ASSESSMENT

While 1 Hl'mll\' believe that weather modification Il]’tljl't‘l- and re-
search should be encouraged and moved forward, I am well aware of
the need for appropriate safeguards to protect the environment. Thus,
1 believe no specific major project to control or modify the weather
should be done by the United States for its own benefit or for the
benefit of other countries seeking our assistance unless the results of
our efforts can be foreseen with reasonable assurance. I believe that
the provisions of the National Environmental Policy Act requiring
the submission of an environmental impact statement is an appro-
priate mechanism to accomplish the objectives of assessing the en-
vironmental implications of a project and of notifying the public of

its potential eftects.

The potential for great good or great evil is contained within almost
all of man’s scientific and technological advances. 1t is the same with
our efforts to escape from the vagaries of the excesses of uncontrolled
weather. It is the potential for external harm resulting from blind
pursuit. of the good that makes careful environmental assessment
prior to the implementation a sine qua non for any extensive weather

modification program.
[ will now be happy to answer any questions that you may have.
Senator PeLn. Thank you very much, Dr. MacDonald.

PROGRESS SINCE MR. MACDON ALD'S ARTICLE

Senator PELL. In connection with your article, I was wondering if
there are any points irf it you would like to update? As far as I know,
it is the most complete description written for a layman of what can
happen when we meddle with the Pandora’s box of geophysical modi-
fication, although I must add my own interest in this was stimulated
not by what was going on in Indochina but by reading the SMIC
(Study of Man’s Impact on Climate) report. That shocked me so
much when I read it I got started on this interest in these hearings and
these other things then fell in place, making me realize the importance
of what we are trying to do.

Are there any points you would like to make to bring this up to
date?

Mr. MacDoxarp. Mr. Chairman, I think a great deal of progress
has been made over the past 6 years since that article was written in
terms of advancing our technology for modifying the weather. The
results referred to by Dr. White in terms of seeding tropical cumulus
clouds. the increase in our knowledge and capabilities of increasing
snowpack in certain mountainous regions, our increased knowledge
with regard to the behavior of fogs and increasing knowledge 1n
behavior of warmer fogs, specifically, the increased research in hurri-
canes, potential modification of hurricanes—all of these are clear
advances over the description that 1 gave a few years ago.

Additionally, I would say that very substantial advances have
been made in the areas of earthquake prediction which, in my mind,
very likely will lead to the possibility that we might in the future be
able to do something about earthquake modification.
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The detailed studies of the Denver earthquake and others have very
substantially increased our scientific knowledge so that I would
expect that in the next few years we will have increased capability
in the general area of environmental engineering.

POSSIBILITY OF PRODUCING EARTHQUAKE

Senator Pern. Along this line, to simplify it even further for the
record and for those who are here, would I not be correct in my
statement that if you have a potential opponent who has the mis-
fortune to have a ("I]}1|<1I city or resource near one of the major flaws
in the earth’s surface, that by creating strains, irregularities, ex-
plosions, many thousands of miles away in another part of the flaw,
we could deve 1(1|} a tece |I!lI(]1I|' that “Ullfl |r|<|:i‘.:1 £ an I.LI[]]III.I_J,I\{_' mn
the enemy’s area without his realizing it?

Mr. MacDonaLp. As 1 wrote, this is certainly a possibility. We
do not have today the knowledge, the scientific understandine of the
mechanism of earthquakes, how earthquakes are produced, to under-
take confidently such a project; nor do I think does any other country.

I would point out that in the recently signed U.S./U.S.S.R. agree-
ment, that one specific area for coopel ration in the environment was
the field of earthquake prediction. The Soviets have had a very active
program in earthquake prediction comparable in magnitude and in
mterest to our program. We felt at the time that agreement was
Il{'f_"nri.’l'lt't! that this would be an lllL]'r:llH[l! aren lni cooper ation.

I would ulso note that a further area for cooperation agreed upon
between the Soviets and the United States was lhr‘ whole question
of weather and climate modification. This is included within the
environmental agreement.

Senator PerL. So, for the sake of argument, if we had another war
with Japan, 100 or 50 vears from now, part of the way that war could
be fought, since both the west coast of America and the east coast of
Japan lie along the same flaw, would be for each of us to research very
hard the ereation of |-.-:|'111r1|1;: kes in the other's vital areas?

Mr. MacDoxawp, I think it is a possibility; it is certainly a pos-
sibility I have speculated on, but I would emphasize that as of today
neither we nor the Japanese have a ¢ apability in hand nor are we
likelv to have it in hand in the foreseeable future, that is, in the next
I_'(|1|]1|1' of (I{'l‘.‘i[ll“‘-.

Senator PeLL. There is another subject on which I would like to
et a little more of your thinking.

POSSIBILITY OF INFLUENCING HUMAN BEHAVIOR

You mentioned brainwaves—the possibility of being able to change
the electroimpulses with a harmful or detrimental effect on human
beings. Could you enlarge on how that could be developed and what
the effect. would be?

Mr. MacDoxawp. I would say this was by far the most speculative
of the various means that one might use in the environment as a
potential weapon. The basic notion there was to create, within the
cavity in-t\u-(nl the electrically charged ionosphere in the higher part
of the atmosphere and conducting layers of the surface of the earth,
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this neutral cavity, to create waves, electrical waves, that would be
tuned to the brainwaves; the natural electrical rhythm of most
mammalian brains, including man, is around 10 cycles per second, and
there are indications that if you tune in at this frequency, that is,
these low frequencies of about 10 eyeles per second, you can produce
changes in behavioral patterns or in responses.

This is & very highly speculative suggestion. The reason I used it
in that particular article was to emphasize the point that changes that
one can bring about in the environment may have very subtle effects
that are not immediately recognized, that even human behavior might
be influenced through changing the environmental conditions and
that, of course, is why 1 used it as an example and wish to emphasize
the need to really understand what we are undertaking before we go
forward with any major environmental modification.

Senator PeLL. In view of the rate of growth of man’s knowledge,
particularly scientific knowledge, these abstract ideas of 4 or 5 years
ago may not be abstract when we come to the year 2000, which some of
us here may have the good or bad fortune to see, depending in part
what we do with this treaty, I think.

Along that line, what would be the effect of brainwaves on human
beings? You have described them in your book as having unpleasant
offects. What would be the form of unpleasantness?

[ realize this is a little esoteric. I am not trying to embarrass you,
but I want to make a record here which, if somebody is looking at it
in the vear 2000 or 1990, makes some sense.

M. MacDoxaLp. As [ mentioned, the primitive experimentation
conducted primarily on primates in a number of centers would in-
dicate that their actual behavioral characteristies are altered; their
responses 11111{1'1‘_‘_“” f'il:m;:[‘ﬁ: 1|'u‘.\' do not I’(':“Iltﬂlll as I’:‘.lli:”_\' when you
are tuned in at the proper frequency as if the subject is not exposed
to some electrical activity; but as I emphasize in my statement and
also in the book, this is indeed a very highly speculative subject.

PROBLEM OF NOT ENOWING WHAT CAN BE DONE COVERTLY

Senator Perr. Right, but one of the problems with this, as with all
forms of weather modification, is that one does not know what can
be done covertly. That is why I asked the seemingly facetious question
f the Soviets, the Chinese and North Vietnamese had anything to do
with our disastrous east coast floods. Even if they had, we wouldn’t
know about it. That is the point here.

CONCERN OVER PROHIBITION OF RESEARCH

;\Inn{: this same line, I found vour statement ]‘c':l”_\' very, very
forthcoming and interesting, but [ also understand vour concern over
the prohibition of research. This point was brought up vesterday by
the executive branch witness, too. I think this is one of the modifica-
tions I must make in my treaty.

As I said, this is the first draft and T think it wounld be improved if
we modify it in this regard.
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ESCHEWING USE OF WEATHER MODIFICATION IN WARFARE

If the treaty is modified in this regard, what would be your view
with regard to the general substance of the resolution. that is, eschew-
ing of the use of weather modification in w arfare?

Mr. MacDoxawp., Mr. Chairman, as a member of the executive. |
would have to defer an answer to that question to the responsible
agencies, the Department of Defense, the Department of State and
ACDA.

Senator PeLL. I understand that. 1 do not wish to embarrass vou,
The villain here, I think, is really DOD and NSC.

REVIEW AND CLEARANCE OF WITNESS’ TESTIMONY

In this regard, has your testimony been reviewed and cleared by the
NSC?
Mr. MacDoxaLp. Yes, sir.

RESTRICTIONS PLACED UPON WITNESS

Senator PrrL. Have any restrictions been placed on you?
Mr. MacDoxawp. Yes, sir.
Senator PeLL. Thank you very much.

DOD SHARING OF RESEARCH AND OPERATION RESULTS

Does DOD share with the scientific community the results of either
its research or operation of weather modification activities around the
world?

[ am not trying to mousetrap vou. That includes Indochina.

Mr. MacDoxawp. The unclassified portions of the Department of
Defense activities are indeed shared with other nations. They are
shared with other agencies of Government through the mechanism
of the Interdepartmental Committee on Atmospheric Sciences. [ am
not privy to any classified work that the Department may have under-
way or not have underway.

Senator PELL. Would the scientific community be aware of what the
defense community is doing in this area in a classified way?

Mr. MacDoxaLp. Certainly the scientific community, unless they
had the proper clearances and the need to know, as determined by the
Department of Defense, members of the scientific community would
be unaware of any classified activities.

Senator PerL. This is a question of opinion that T am wondering if
it would be within your terms of guidance to respond to us.

DESIRABILITY OF MILITARY ACTIVITIES WITHOUT CIVILIAN OVERSIGHT

As a civilian scientist, do you believe it is desirable or undesirable
to have the military community engage in research, field experiments,
weather modification operations, without the benefit of the scerutiny
or oversight of civilian scientists?

Mr. MacDoxawp. Well, the situation today certainly in terms of
the unclassified activities undertaken by the Department of Defense
1s that this research is open to public scrutiny, to comment, to review.
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Some years ago [ chaired a ]P:l“l'l for the :\;:litlll:li Academy of
Science that undertook an overall study of weather modification efforts
and we looked at what the Department of Defense had underway,
looked at it eritically, again in the unclassified area.

Senator PerL. But my basic question is addressed to you in your
civilian role. In other words, do you think it is a good idea for the
military, in classified or nonclassified areas, to engage in such activities
without ecivilian oversight of nongovernment employed scientists?
It is a question of opinion I am asking.

Mr. MacDoxaLp. My opinion is that the unclassified work is being
subjected to serutiny of outside scientists.

Senator PeLt. With that I agree. Is it your opinion that it is proper
for the classified work to be conducted without outside scientists
exercising some oversight over it?

Mr. MacDonaLp. Again, since it is an iffy question, it would involve
judgments as to the military applicability of whether outside scientists
would have competency in this area. It would be an open question and
I could not honestly and truthfully give you a blank yes or no answer
to that. I think it is a very difficult question and I think one the
Defense Department should be particularly concerned about.

RECENT NSC STUDY

Senator Perr. Has the Council on Environmental Quality been
involved in the recent NSC study on these subjects?

Mr. MacDoxanp. No.

Senator PeLL. Do you happen to know if the Environmental Pro-
tection Agency was involved?

Mr. MacDoxaLp. To my knowledge, they were not invelved.

SHIFTING BARTH'S AXIS

Senator PeELL. Going back to the techniques that could be used,
because part of the purpose of this hearing is to inform our people of
the various measures that could be used, Jules Verne first wrote and
Estes Kefauver later discovered the question of trying to shift the
earth’s axis, which would have a deleterious effect on many of us in
this part of the world and a beneficial effect on some of the more
tropical climates. Is this, in your view inconceivable to be done by man
or could it be done by man?

Mr. MacDonaLp, It just so happens that Walter Monk and I wrote
a book about a decade ago called ““Rotation of the Earth,” in which we
used as one of the examples Jules Verne and Senator Kefauver's
suggestion, and pointed out the fact that both Verne and Senator
Kefauver had forgotten about the earth’s bulge, the equatorial bulge
which exerts a great stability to the earth’s rotational axis. As a result,
we certainly do not possess the capability today of producing large
shifts in the position of the axis of rotation of the earth.

AREAS OF CONCERN FOR FUTURE

Senator PELL. So the real weapons that we're talking about, which
I for one want to see precluded from man’s arsenal, would be dealing
with precipitation, melting of the ice cap, creation of earthquakes,

82-892—72——6
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stimuli under water and, finally, conceivably, the question of some
kind of electrical waves—those four general thrusts.

Do you see any other possible developments in this field of weather
modification, geophysical modification, that we ought to be concerned
about in the future?

Mr. MacDoxawp. T think those four general areas cover the field
well. Aeain, in my article I referred to a number of others on which
rather substantial research is now being conducted, that is, changing
the ozone balance of the stratosphere.

Senator PeELn. We were doing this thanks to the SST now.

Mr. MacDoxaLp. As a result of the interest in the SST, we now have
a very vizorous research program to determine the mechanisms by
which ozones can be depleted or increased within the stratosphere;
so I think if you add modification of that part of the atmosphere to
our list, it would be a comprehensive list at the present time.

DECREASING OZONE IN ATMOSPHERE

Senator PeLL. I read somewhere that the ozone in the atmosphere
is being depleted at the rate of .02 percent a vear. That would mean,
with the proposed use of the SST in the defenses of Russia and
America, that we will eventually deplete the atmosphere of ozone.
Would that not be correct?

Mr. MacDoxanp. Again, [ would just be on very unsure technical
orounds to comment on whether the ozone is indeed decreasing at the
present time. I know of reports that ozone levels have been decreasing.
Based on our instrumentation capabilities of determining the levels
of ozone in the stratosphere, the variability of ozone, and the abun-
dance of ozone, I would seriously question that there is at the present
time any long-term trend,

What I find heartening is that even though we do not have a super-
sonic transport program underway in this country, we do have an
extensive research program to find out what the atmospheric effects
of SST’s on the high atmosphere will be,

REASON FOR CHANGE IN OZONE CONTENT

Senator Casge. To the extent that there is a change or depletion of
ozone, is it established or reasonably established that it 1s due to
flights by airplanes and other activities of man or not? Or is it due to
some other cause, if it exists?

Mr. MacDoxarp. In my view, there is no convincing evidence that
any postulated change in the ozone content is due to man’s activity
at present.

PREDICAMENT OF CONGRESS

Senator Perr. I have one final, general query.

Do you have any thoughts as to the predicament in which we in
the Congress find ourselves? You are a scientist and a pioneer in this
book in calling attention to the political dangers in this area. We are
Senators also concerned about the impact of weather modification
eventually on our own constituents. How can we, the Congress, ad-
dress ourselves intelligently to this subject, if knowledgeable Govern-
ment scientists as yourself have to speak out under the wraps that
you do? It puts us in a terrible predicament.
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Do you have any suggestion as an American citizen how the Con-
gress can become more informed in this field?

Mr. MacDoxarp. 1 certainly don’t have a suggestion at this time.
[ very clearly understand the problem that you labor under. In part,
for this reason I emphasize the importance of the National Environ-
mental Policy Act in my statement, that this is & mechanism to bring
to the public’s attention the environmental implications of new
technology.

We in the Council on Environmental Quality believe that it is very
important that weather modification projects undertaken by the
United States undergo the kind of environmental assessment as re-
quired by the National Environmental Policy Aet, and that these
assessments be made public.

Senator PerL. Perhaps this will come out of the little secretariat
that is being developed out of the Stockholm Conference eventually.
[ think we can only hope that will happen.

That is all I have.

Senator Case?

Senator Case. Thank you, Mr. Chairman. I think you and Dr.
MacDonald have covered this beautifully.

First, I would like to say that there is searcely anybody I know of
downtown in whom I have greater confidence than Dr. MacDonald
as a result of very direct personal connections with his work and his
help in certain matters affecting my own State, such as Tocks
l'-i]:lml -

Mr, MacDoxarp. Thank you.

PUTTING WRAPS ON WITNESS

Senator C'AsE (continuing). And other problems of a similar nature.

[ was interested in your very frank answer that you were under
wraps. Who put the wraps on?

Mr. MacDoxaLp. Senator——

Senator Case. How was it done?

Mr. MacDoxaLp. The typical process of preparing testimony. The
individual agencies prepare drafts; these drafts are then eirculated to
other interested agencies for comment. In this case, the clearance
process was handled by the Office of Management and Budget in
consultations with the National Security (Council. This is not unusual.
Every time I have tostified as a witness for the administration, I
have gone through & similar clearance process.

Senator Case. Well, 1 was interested in particular as far as the
National Security Council’s role was concerned. They didn’t talk to
vou directly?

" Mr. MacDoxaLp. Members of the Security Council were in contact
with me directly; ves, sir.

Senator Case. This is interesting because recently the question
has come up as to a comparable agency, recently created or about to
be created by statute, and in the President’s office, in the field of
international economic policy. The question of whether this is an
nlpv!‘:llin;: agency or atafl for the President '-nl!.‘ll\' is what I am inter-
ested in. and in either case, of course, whether it interposes another
layer of insulation between the decisionmaking process and the
Congress, and the Congress and the public. That is why 1 asked the
question.
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[t isn’t strange that the Office of Management and Budeet should
transmit an executive decision, a departmental decision, to everybody,
I think. )

[ think, Mr. Chairman, I don’t have any [urther questions at the
moment,

Senator PeLn. Thank you.

Thank you very much, indeed, Mr. MacDonald. Perhaps someday
when you are translated into a civilian we may again have renewal of
our dialog here and develop further the imagination showed in your
})[)I)!\

Mr. MacDoxarp. Thank you very much, Mr. Chairman.

Senator PerLr. Thank you very, very much indeed for coming.

Our next witness is Dr. Thomas Malone, who is dean of the graduate
school, University of Connecticut, member of the ! .1Ium.1l Science
Foundation (NSF) Special Commission on Weather Modification,
and extremely knowledgeable in this area.

Dr. Malone?

STATEMENT OF THOMAS F. MALONE, DEAN, GRADUATE SCHOOL,
UNIVERSITY OF CONNECTICUT, MEMBER, NSF SPECIAL COMMIS-
SION ON WEATHER MODIFICATION

Mr. MavoNE. Thank you, Mr. Chairman and Senator Case.

It seems to me that answers to three ('[Ill'.‘-;ii(lllh are l‘r'qnil'ml to
comment constructively on Senate Resolution 281: (1) Has the science
and technology of weather modification advanced to the stage at
which major issues of national [)nli( y are beginning to emerge? (2) Are
critical issues of foreign policy mv olved? (3) Are the treaty provisions
of Senate Resolution 281 Il’\pun‘«:\v to the problems and opportunities
presented by developments in the field of weather modification?

DEVELOPMENTS OVER RECENT YEARS

Five developments over recent years lead me to the judgment that
Illv answer to the first qnwtlun is in the affirmative:

Understanding of the physical processes in the atmosphere that
||||I\ one day’s weather with the weather on a subsequent day has now
progressed to the point at which these processes can be {',\[III'.‘--.l‘tI in
equations that constitute meaningful mathematical models. These
models are increasingly useful in prediction and in simulation, per-
mitting us to seek answers to “what if?"" questions.

Modern measurement technology, ranging from meteorological
satellites for global measurements to Doppler nulm‘ for ascertaining
some of the relevant physical characteristics of a single cloud, is
bringing within reach the kind of observations we ne ml to make sure
that our mathematical models approximate the real atmosphere.

3. Advances in computer technology are matching the growing
sophistication and complexity of the models and greatly enhancing
th(‘ powers of these new analytical tools.

The accumulating results of field experiments with cloud-seeding
tec hmqum have yielded results that, while not rigorously conclusive
in all cases, are yearly becoming more persuasive that significant
weather control is within reach.
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tempts to introduce changes in the atmosphere, some form of international col-
laboration will be essential in the planning and execution of projects that may have
an effect not only upon the immediate localities but on areas in other countries
and even upon other continents distant from the scene of work. It is possible that
situations of this sort may arise in the near future if an expanded program of
field experiments in cloud seeding is undertaken in areas near the northern or
southern borders of the United States. An expansion in experimentation with trop-
ical hurricanes may also present international complications.

In the present stage of world affairs, any scientific advance contributing sig-
nificantly to man’s ability to affect the natural environment inevitably has a
bearing upon the political relations among nations and the quest for peace and
security. The importance to military operations of a capability for modifying
weather conditions is obvious. It must be recognized that there is & remote pos
bility that sometime in the future a nation might develop the capability to use
weather modification to inflict damage on the economy and civil population of
another country.

1t is essential to develop the political and social controls over the use of this
power which will maximize the opportunities for its constructive and peaceful
use and minimize the factors which tend to involve it in the tensions and conflicts
inherent in human society. The challenge and the opportunity which are presented
to the world community by the prospect of man’s achieving a power to modify his
atmospheric environment is one of the most exciting long-range aspects of the
subject.

Thought must be given to the types of international organizations that will
be needed and the functions they should perform, if and when major operations
in weather and climate modification affecting large continental areas become
feasible. Whether the assignment of operational responsibility to an international
agency should be considered for the future deserves thought even at this early
date. Consideration might be given to new concepts of international organization
and to the new problems of a technical or political nature that might be precip-
itated.

The very fact that the development of a eapability for influencing the atmos-
pheric environment is still in its infaney should widen the opportunity presented
by this scientific endeavor to develop attitudes and patterns of collaboration
which ean contribute not only to the achievement of the practical, technological
goals, but also to the relaxation of international tensions.

Rarely has a more ample and inviting opportunity been afforded for advance
thinking and planning regarding the impact of a technological development upon
international relations. Progress in the diminution of international tensions and
the achievement of peace will come not so much from the dramatie resolution of
basic international controversies as from the far less spectacular widening of
areas of mutual interest among rival nations and from the growth in ways of
cooperation. The field of weather and climate modification ean serve well in this
regard, in addition to realizing benefits of a more limited practical nature.

The Commission believes that:

(1) It would be highly desirable for the Government of the United States, in
connection with the expansion of its program of weather and elimate modification,
to issue a basic statement of its views on the relationship of this national ef
the interests, hopes and possible apprehensions of the rest of the world. Earl;
enunciation of national policy embodying two main points are recommended:
(a) that it is the purpose of the United States, with normal and due regard to its
own basic interests, to pursue its efforts in weather and climate modifieation for
peaceful ends and for the constructive improvement of conditions of human life
throughout the world; and (b) that the United States, recognizing the interests
and concerns of other countries, weleomes and solieits their cooperation, directly
and through international arrangements, for the mutual achievement of human
well-being.

This cooperation should eover both research and, ultimately, operational
programs of interest to other countries. It should be concerned not only with
deliberate, but also inadvertent human interventions in the atmosphere that
affeet weather and climate. Such a poliey declaration eould he issued by the
President or appropriately incorporated in any basie legislation on the subject of
weather modification which the Congress may enact.

2) Steps should be taken by the United States, in concert with other natic
to !'X!IIHI'I' the international institutional mechanisms that may
to foster international eooperation and cope with the problems
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anticipated in the field of weather and elimate modification. The United Nations
and its specialized agencies for example, the World Meteorological ( Irganization

is suggested as a possible intergovernmental framework. The International
Council of Seientific Unions and its associated unions—for example, the T1itier-
national Union of Geodesy and Geophysies—could be a suitable nongovernmental
framework for these mechanisms,

(3) A major limitation affecting both advanced and developing countries is the
shortage of trained personnel in atmospherie sciences at all levels. Attention
should be given to the question of how greater emphasis can be given to atmos-
pheric sciences in existing bilateral and mulitlateral programs of edueation and
technical eooperation, and to what additional measures may be needed to fill
this deficieney.

(4) Encouragement should be given to research on the impact of weather
modification measures in foreign countries. The need has been previously discussed
for greater attention to the biological, economic and social aspects of weather
modification in the United States, A different set of problems may well be en-
countered in many of the developing countries where the natural environment
and patterns of economic and soeial life present contrasts to those prevailing in
this country. A greater significance of these differences must precede any attempt
to evaluate the suitability of various weather and climate modification practices
for specific foreign areas and to design appropriate programs of cooperation.

1965 REPORT OF COMMITTEE OF ATMOSPHERIC SCIENCES

That these views were shared by atmospheric scientists of other
countries was indicated in the 1965 report of the Committee on
Atmospheric Sciences established under the joint aegis of the Inter-
national Union of Geodesy and Geophysics and the International
Couneil of Scientific Unions:

A prerequisite for the scientific exploration of large-scale climate modification
is the ability to assess the probable consequence of conscious intervention in natural
weather processes. Global dynamic modeling techniques, to which reference has
already been made, are a powerful tool with which to assess these consequences
and to design scientifically meaningful experiments to be conducted in the atmos-
phere. At the moment, the use of mathematieal models for the purpose is seriously
hampered by precisely the obstaeles this program is intended to remove, Any
contribution to an understanding of the scientific possibilities and limitations of
large-seale climate modification could be of great importance. Moreover, it is
highly desirable that such studies proceed as an international cooperative effort.

VIEWS OF METEOROLOGISTS IN OTHER COUNTRIES

Meteorologists in other countries share this view. The head of the
Soviet Hydrometeorological Service wrote in the World Meteorological
Organization Bulletin in 1967:

It is not diffieult to understand that the problem of transforming the climate
on a world or regional seale is, by its very nature, an international one, requiring
the united efforts and the coordination of the activities of all countries. Ever
more rapidly humanity is approaching the stage in its symbiosis with nature,
when it can turn to practical account all the natural resources of the Earth and
when, as a result, it will become capable of thinking in terms of natural phenomena
on a planetary scale . . . It is hardly necessary to prove that, in these cireums-
stances, all mankind should regard itself as a single whole in relation to the sur-
rounding world. There is no other way.

In a report on ‘““The Atmospheric Sciences and Man’s Needs—
Priorities for the Future,” published in 1971, the Committee on Atmos-
pheric Sciences of the National Academy of Sciences recommended
that “in order to safeguard the life-sustaining properties of the atmos-
phere for the common benefit of mankind, the U.S. Government is
ureed to present for adoption by the United Nations General Assembly
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as a policy a role of leadership in exploring beneficial uses of weather
modification and protect ourselves against deleterious effects of inad-
vertent climate modification. We have a good foundation in the global
atmospheric research program on which to build. It would be a tragedy
if progress along these lines made during the sixties were to be irretriev-
ably lost during the seventies.

3. If we are to adapt to the kind of world in which we are going to
find ourselves during the next century, we should pay heed to the basis
for rationality described by the philosopher, Emmanuel Kant, in his
book “The Critique of Pure Reason,” published almost 200 years ago,
in which he said:

. - . the whole interest of reason, speculative as well as practical, is centered in
the three following questions: (1) What ean I know? (2) What ought I to do? (3)
What may I hope:

Today you are raising the question: What ought we to do? I hope
that our decision will be the moral and wise one.

Thank you, Senator Case. That is the end of my testimony.

Senator Case (presiding). Thank you very much.

DEFENSE DEPARTMENT FUNDING OF UNIVERSITY RESEARCH

Have you any comments on the question of Defense Department
funding of university research in this area and have you any experience
with it in your school?

Mr. MaroNE. Yes, sir;it has over the yvears, I think, been quite help-
ful in adding to our fund of knowledge. The shift toward support by a
civilian agency, specifically the National Science Foundation, I think

is a desirable one.

Senator Case. For what reason?

Mr. Mavo~g. Because there is a growing awareness that the kinds
of capabilities that we have mean that we have to fashion a different
kind of world, one in which the military forces are not the dominating,
activating mechanism, and I think that the search for new knowledge
is not always compatible with the kind of classification which is some-
times attendant on certain military programs.

Senator Case. There is some inhibiting effect from that particular
kind of relationship.

DEALING WITH COUNTRIES BEHIND IRON CURTAIN

On the other side of the coin, in your suggestion of international ef-
forts in this research field, have you any experience, a judgment, as to
the possibility of dealing, for example, with countries behind the Iron
Curtain on a sound basis?

Mr. MavroNE. Yes, sir, I have; and I am encouraged that it is pos-
sible to do this. We are embarked upon this now in the global at-
mospheric research program, and in 1974 it is planned that ships and
aircraft from countries on both sides of the Iron Curtain will gather
together in the Atlantic for an experiment. The attitude and the
actions of the countries behind the Iron Curtain encourage me to
believe that u':":;p(-]'u[irrll in weather research is [!1_\~:.~:i|:!(-_




EFFECT OF SOCIALIST SYSTEM ON SOCIALIST SCIENTISTS

Senator Case, Does your observation include any observation of in-
hibiting effects of the socialist system upon the socialist scientists com-
parable or analagous to the military inhibitions?

Mr. Mavroxe. No, sir; I don’t think of scientists flourishing under a
socialist regime. I think that our own system is superior and that it is
certainly one in which I find mysell more comfortable, but I can’t
honestly say that there are drastic inhibitions in the pursuit of science
in the socialistic regime.

CONFLICT BETWEEN SCIENTISTS' BELIEFS AND GOVERNMENT'S
RELUCTANCE

Senator CaseE. You are as aware, of course, as we are—more so,
| am pretty sure, because of your longer experience—than 1 am of
the conflict between the scientists who believe some kind of interna-
tional agreements in this area is desirable and our official governmental
reluctance to enter into it. What is the underlying reasoning, in your
opinion?

Mr. Mavoxe. I wish T had a satisfactory answer for that. I don’t.

Senator Case. You don’t have any doubt about the soundness of
the scientific view.

Thank vou very much. I appreciate your being here and so does
Senator Pell. He has been called away because of the serious illness
of his mother and asked me to carry on for him.

Mr. Matoxg. Thank you.

Senator Case. Our next witness is Dr. Richard Reed.

You have a prepared statement; haven't you?

STATEMENT OF DR. RICHARD J. REED, PRESIDENT, AMERICAN
METEOROLOGICAL SOCIETY; DEPARTMENT OF ATMOSPHERIC
SCIENCE, UNIVERSITY OF WASHINGTON, SEATTLE, WASH.

Mr. Reep. Yes.

Senator Case. Do you want to submit it for the record and go on
your own?

Mr. Reen. Yes.

Senator ('ase. You could hardly do better than read it, if you
want to—one page.

Mr. Reep. | appreciate this opportunity, Mr, Chairman, to appear
before the subecommittee and present llll" views of the American
Meteorological Society on the issues raised by the proposed Senate
Resolution 281. The statement which I am about to read was prepared
by the Committee on Public Policy of the American Meteorologeal
Society and has been approved by the executive committee as an
official \m'ii'l} statement.

The purpose of this statement is to urge that measures be taken-

Senator Case. You agree with it, I take it?

Mr. Reep. I certainly do.

Senator Case. Did you write 1t?

Mr. Reep. I had a hand in writing it.
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some of these thines could not be detected, as a violation of an agree-
ment of this sort?

AMr. Reep. Well. T don’t think we could rule out this possibility,
looking far into the future, but I think it would be very difficult to
be specific on this question in our current state of knowledge. [t would
be hard to give vou a realistic example based on what we now know.

Senator Case. That is not a serious reason?

Mr. REep. No: we do not regard that possibility at this stage as

]u":!l_: a4 Serirous reasoll.
WAS \\'l'l'\'l-:ra.-" STATEMENT CLEARED BY NATIONAL SECURITY COUNCIL?

Senator Case. Some evilminded person on the staff sugeested 1
ask whether your statement was cleared 1l.\ the National .";l'l‘!l!‘ii.\'
(ounecil.

Mr. ReEb. [ am Hlllllum‘i”.\' a free acent.

Senator Case. I am very much obliged to you, sir. Thank you.

Our next witness is Mr. Werner A. Baum. Very nice to have you.

Would you proceed as you would like.

STATEMENT OF WERNER A. BAUM, PRESIDENT, UNIVERSITY OF
RHODE ISLAND: U.S. REPRESENTATIVE, PANEL OF EXPERTS ON
METEOROLOGICAL EDUCATION AND TRAINING, U.N.

Mr. Bavm. Mr. Chairman, I deeply appreciate this opportunity to
speak to Senate Resolution 281, expressing the sense ol the Senate
that the U.S. Government should seek the agreement of other govern-
ments to a proposed treaty prohibiting the use of any environmental
or geophysical modification as a weapon of war. I appreciate the
opportunity as an educator with a special concern for the welfare of
future generations on this planet. I appreciate the opportunity as a
meteorologist with a special concern for our understanding of the
atmosphere and our ability to predict and control its behavior; and
I appreciate the opportunity as a Rhode Islander.

COMMENDATION OF SENATOR PELL

As a citizen of Rhode Island, I take pride in the fact that one of
our Senators had the foresight and understanding to introduce this
resolution more than 4 months ago on behalf of a bipartisan group of
distinguished members of the Senate. Mr. Claiborne Pell has a solidly
established record of legislative effectiveness from such actions as
steering through the Senate the bill establishing the sea-grant colleges
and the recently enacted higher education legislation. He now adds
to that record the perception of a new problem, a problem of poten-
tinlly vast consequences for mankind.

MEMBERSHIP OF GROUP COLLABORATING WITH SENATOR PELL

Senator Case. Do you recall the membership of the distinguished
aroup you mentioned collaborating with Senator Pell?

Mr, Bausm. I have it here.

Senator Case. Would you read the names off?

Mr. Bavm. Yes, sir.
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The first name is Mr. Case; Mr. Cooper, Mr. Cranston, Mr. Hart,
Mr. Hughes, Mr. Humphrey, Mr. Javits, Mr. Kennedy, Mr. Mec-
Govern, Mr. Mondale, Mr. Nelson, Mr. Tunney, and Mr. Williams.

Senator Case. It is a bipartisan group and I appreciate your
bringing that matter out.

Mr. Baum. You are asking all of us to face that problem while
there is still time.

APPROVAL OF SENATE RESOLUTION 281 WITH ONE MODIFICATION URGED

| urge you to approve Senate Resolution 281, with one major
modification which I shall discuss shortly.

[ urge you to do so because of my concern for those men and women
who will follow us on earth. Other witnesses have discussed and will
discuss the scientific status of weather modification, or weather man-
agement, as 1 prefer to call it, as we now see it. The plain fact is that
there remains a vast sector of ignorance about the effects and natural
implications of weather management. We have only one atmosphere
on this planet and it may be more deadly than Russian roulette to
play with it before we know what we may produce.

EXAMPLE OF ABILITY TO CREATE OR DESTROY HURRICANES

Let me give one hypothetical example, admittedly extreme, to
make the basic point:

Let me suppose that we could create or destroy hurricanes at will,
something we cannot now do nor expect to be able to do in the foresee-
able future. Now, superficially it would seem quite desirable to eliminate
hurricanes as a nuisance and a danger to mankind. However, in fact.
the hurricane serves to transport large amounts of converted solar
energy from tropical latitudes to polar latitudes. Somehow this trans-
port must be accomplished if the earth is to have a reasonably stable
climate, as the energy input from the sun will always be greater in the
tropics than in high latitudes. If the hurricane is eliminated as one of
the energy transport mechanisms, some other adjustment in the atmos-
phere-ocean system will have to take place. In 1972, no one can tell
you what that adjustment would be. It could be a calamity for life
forms as we know them. No subset of mankind should take i upon
itsell to initiate such a deadly gamble. Though this example is extreme,
the principle it illustrates is applicable to a broad spectrum of weather
management activities.

Senator Case. Just as a layman, I would like to know a little bit
more about how this transportation of energy takes place.

Mr. Baum. Well, one significant form——

Senator Case. Does it bring heat up from the tropies and so forth?

Mr. Baum. Yes; and one significant way it does that, Senator, is
that ocean water is evaporated by the heat in the tropics and that heat
is carried northward in latent form within the water vapor. When this
water vapor condenses in higher latitudes that heat is then released in
the higher latitude, so vou have affected a transport of heat energy
from low to high latitudes that way.

Senator Case. You have to realize many of us are children on this
subject and 1 appreciate that very much. It is terribly helpful. But
this indicates it isn’t evilminded people that are going to use these
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things for bad purposes: it is people playing around. When 1 sajy
playing around, 1 mean just hit or miss, seeking of knowledge and
whatnot. They may be dangerous, too?

Mr. Bauwm. Quite possibly.

WORLD WEATHER PROGRAM

[ urge you as a meteorologist to approve Senate Resolution 281.
We have lone known that better understanding of the atmosphere, as
well as greater ability to predict its behavior and to manage 1t, would
require international expenditures of money and energies on a coopera-
tive basis on a global scale. After many years of effort, of initiative by
the President of the United States, of discussion by the General
Assembly of the United Nations, of supportive actions by the Congress
and numerous other legislative and executive agencies around the
olobe, we are at last in the early stages of implementing the so-called
world weather program. This program, primarily through the great
improvement of our observational network and through the conduct
of large-scale international field experiments, promises to increase
dramatically our ability to predict weather phenomena. Success of the
world weather program depends critically on faith and trust among the

icipating nations, nations which cqyer the entire spectrum of
political and economie philosophies. The world weather program
would and should collapse if it became clear that one or more of the
participating nations was seeking knowledge for use in meteorological
warfare, the rest of mankind be damned. We would lose & major op-
portunity for man to improve his condition on earth.

REPORT OF NATIONAL ADVISORY COMMITTEE ON
OCEANS AND ATMOSPHERE

Mr. Chairman, last autumn President Nixon appointed me to the
National Advisory Committee on Oceans and Atmosphere, pre-
sumably because of my background in meteorology. You will recall
that this committee was established by you and your colleagues under
Public Law 92-125, approved in August 1971, and was directed to
submit a comprehensive annual report to the President and to the
Congress setting forth an overall assessment of the status of the
Nation’s marine and atmospheric activities. The first report from
NACOA, together with comments and recommendations by the
Secretary of Commerce, will be reaching you shortly.

In its first year, the National Advisory Committee on Oceans and
Atmosphere did not address itself specifically to Senate Resolution
281, so [ cannot say that the committee endorses the resolution.
However, we did address ourselves in depth to the status of weather
modification and our report will contain a chapter on this topic. We
touch on some of the same objectives to which the resolution addresses
itself. Allow me to quote from an approved draft version of our report,
subject to editorial change before 1t reaches vou formally.

We note five areas in the field of weather modification in which
action is required, namely, legislation, research and technology,
hurricanes, public policy and international matters. In the latter
area we state:




International agreement should arrived at and the necessary institutional
arrangements developed to eschew the hostile uses of weather modification and
to investigate inadvertent changes in the global climate . . .

We also make the following statement in our draft report.:

NACOA wishes to associate its ] the p ion tak by the Nations
Academy of Sciences that in order to . i the life-su ing properties of
the atmosphere for the common bene n: ind., the y. Government is
urge o present for adoption by the United N a resolution
dedicating all weather modification efforts to peaceful purposes and establishing,
preferably within the framework of international nongovernmental scientifie
organization, an advisory mechanism for consideration of weather modification
problems of potential international coneern before they reach eritical levels.

It is elear, then, that the National Advisory Committee on Oceans
and Atmosphere is supportive of the philosophy embodied in the
resolution under consideration.

CONTROLLING EXPERIMENTATION BUT NOT RESEARCH SUGGESTED

Mr. Chairman, I do not propose to address m‘\';:-ff‘ to the details or
precise working of the resolution. Others are by far more qualified
to do so. In conclusion, however, I do wish to suggest one major
modification. I have reference to Article I, paragraph 2, of the proposed
treaty, which deals with the Prohibition of research or experimentation.
Experimentation, whether domestic or international, should be con-
trolled in any case for the kinds of reasons I have already mentioned.
Research, on the other hand, probably cannot and should not be
controlled.

I -fn not see !ln\\ we r'llll[Ii f-H‘:--'I:II\':‘I_\ 1[5-—[i|t2’11i-—]| 1;1'1\\!‘921 \\:':!I||r~|‘
management research which is intended for peaceful application and
research which is intended for weaponry. History has surely taught us
that the same research result can be used constructively or destruc-
tively, The same meteorological research is used to desien civilian
aireraft and the military bomber.

And, finally, while I do not want my country to use weather modi-
fication as a weapon of war, I want it to know how to do so. We
cannot really control the research done by others and I want to be
very certain we know at least as much or more than they know.

Thank you, Mr. Chairman.

Senator CAse. Thank vou very much. 1 like the statement. I like
the tone of it, too.

DISTINCTION BETWEEN EXPERIMENT AND RESEARCH

What is the distinction between experiment and research? I am not
questioning; I want to know what you had in mind when vou made
this distinetion.

Mr. Baua. Research is in part clearly distinguishable, in the sense
it might be theoretical; it might be laboratory; it might be the kind
of research that constructs models and tests them on computers, for
example.

There is a gray area which is a little difficult.

By experimentation I mean any introduction of materials into the
atmosphere or any other work on the atmosphere itself where there is
any reasonable doubt that there might be major consequences which
cannot be anticipated. That kind of experimentation it seems to me
must be very strictly controlled.
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SEEDING OF HURRICANES

Senator Case. Then you wouldn’t, or would you, go into the middle
of a hurricane and seed it or something like that?

Mr. Bavar. First of all, that experimentation is carefully econtrolled
in the sense that there are very thorough ground rules and details
which I don’t recall offhand. The hurricane must be a certain distance
away from any land mass; it must not have any reasonable probability
of striking a land mass within 18 hours, or some such figure. And all
those safeguards are built into those experiments.

In addition, the kind of things we are doing or are now capable of
doing can produce—we are quite confident they can produce—only
very minor shortlived effect.

EXPERIMENTATION ON MODERATE SCALE

Senator Case. What you really mean is the experimentation on the
moderate scale isn’t going to do any substantial harm, that you are
reasonably sure; you wouldn’t stop the experiments such as that?

Mr. Bavm. No, I certainly would not and I doubt we can or should
stop experiments that are adequately safeguarded.

WHO IS GOING TO SAFEGUARD EXPERIMENTS?

Senator Case. Who is going to safeguard them?

Mr. Bava., Well -

Senator Casu. Seriously.

Mr. Baum (continuing). That is a very serious question which re-
quires some congressional attention, in my personal opinion. We have
here a problem which is somewhat analogous to the one we face in the
atomic energy field, for example, as to whether the agency which is
responsible for developing a field, as the AEC is, should also have
safeguarding authority, as I believe it does have.

One might argue that the safeguarding authority ought to be in
different hands than the agency which is trying to develop the field.
At the moment I believe that, for example, in the case of hurricane
modification, which is being conducted jointly by NOAA and the
Navy, to the best of my knowledge it is an entirely voluntary
internal self-controlled mechanism which has been established by
NOAA and the Navy because of their awareness of the problem.

I believe it is entirely voluntary.

Senator Case. Do you think that anything of the nature of an
extension of the authority or the mechanisms provided in the En-
vironmental Policy Act 1s desirable and should we make it more
H[){-l‘iﬁ(".'

Mr. Bavm. I am not prepared to give a specific answer offhand,
Senator.

I do believe that the Congress should address itself to the policy
question which is contained here, and I believe that there should be a
thorough exploration of alternatives and some mechanism should be
established which assures the people of the United States that weather
modification activity is preassessed and monitored and authorized only
under ecircumstances which are construed to be safe and productive.
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Senator Case. Well, I appreciate that very 1
brought up the analogy of the environmental policy mechanism is,
'[l*«t of course, Dr. .\l:tt-[)m!:lh[ referred to it i'..}IHId .‘ and also
it is because it has no ultimate sanction except the fact that the
i;]f()llntl.ln.l 15 Irrntlg!ll out and laid out and every !rlul_\' sees 1t and then
the President and the Congress would have a chance to make a de-
cision about carrying forward a u-;.'..q, project. This may be the
best way, rather than having any policemen actually established in
the legislation.

I just wondered whether that might not be a possiblity at least
as a start?

I am very much obliged to you and I know Senator Pell is.

Thank you for coming.

Mr. Baum. Thank you.

Senator Case. Dr,. Falk, nice to have you, sir.

STATEMENT OF RICHARD A. FALK, PROFESSOR OF INTERNATIONAL
LAW, PRINCETON UNIVERSITY

Mr. Fark. I wish to express my gratitude to the subcommittee
for allowing me to appear before it to present my views today.

With your permission, Senator Case, I will not read the entire
opening statement that I prepared, but would like your permission to
submit it for the record.

Senator Cask, Please do. That surely will be very much in order

You go ahead in your own way.

Mr. Fark. Thank you.

Senator Casg. Say enough to get me started.
Mr. Fank. 1 will try.

U.S. TACTICS AND WEAPONRY IN INDOCHINA

In recent months I have become increasingly aware of the extent to
which tactics and weaponry designed to destroy or interfere with the
environment have been relied upon by the United States in Indo-
china. In support of this short statement, I am submitting a longer
paper prepi wred for a June 1972, conference on eny tronment warfare
held in Stockholm, Sweden, that considers some of these policies from
the perspective of i.ltunmt-nul law and offers certain proposals.
(See appendix, p. 133

In the weeks since  this paper was written, new disclosures have
n'i'r*:n-.lml that 111"--—-i" le efforts were made in 1965-67 by the U 11!::'1
'-::Lh.-. to cause massive forest fires in areas of South Vietnam oce l“-mx.
by nppmiliun forces. Also in recent weeks evidence has been accumu-
lating that dikes and dams have been damaged by bombardment
causing a severe danger of massive flooding in the Red River Delta,
imperiling the lives of millions of North Vietnamese civilians. Thus,
these hearings are being held at a time when there is an international
emergency of such grave proportions that even the Secretary General
of the United Nations, Kurt Waldheim, has lent the prestige of his
office to charges of dike-bombing and imminent catastrophe.

1t is notable that Mr. Waldheim, on taking office, criticized his
predecessor, U Thant, because he had at times sacrificed his influence
by being eritical of one or the other great powers, and it is, 1 would
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suspect, in the belief that this is an emergeney of first order of magni-
tude that Mr. Waldheim was led to the departure from his own
injunction of prudence when he took office.

BASES FOR' LEGAL APPRAISAL OF RECOURSE TO ENVIRONMENTAL
WARFARE

[ think it iz important to make clear although recourse to
environmental warlare is often eonsidered a relative novelty, it does
not occupy a !1-'_'::.!‘.::1'!|I‘||"_, '\‘..1':‘.:'_\1'|'“'.IJ!'|.': I!il;:-:' ['4.['}¢-<- Id”'ll.‘.'l\i]

(1) Customary principles of i||i' rnational law. Not all of intern

]-'"\'- i“ l'l“i”"l"I LO 1Ten !' ["l l""""‘l.l!i\ ‘\11' ""il"l “I: W

where technology and doctrine |-1. ange so rapidly, ther ole of customary
principles of international law is especially important. These prineip les
are set forth in greater detail i!! ny |r-1l|[]]'.ltl\ll|" [n‘|l<l but in
essence, these principles forbid reliance on tactics and weaponry that
are indiscriminate in impact—that is, do not diseriminate between
Jogitimate military targets and illegitimate civilian fargets; dispro-
}1:1['I-ln!|:ll i ¢ iu I that 1s, that the damage cansed 1s !H.‘-1‘i'il|llll"lill?l:ft
to the military objective served ; and that are inhumane in character
that is, that are inherently cruel and offend minimum and widely
shared moral sensibilities.

[t should be emphasized that mueh of international law in all fields
continues to be embodied in the form of rules and prineiples of cus-
lomary imnternational law,

The ‘“11|sil me Court has declared in VETY ( lear terms that CHsLOMmAry
international law should be applied as often as it is relevant to a domes-
tic legal controversv. In recent vears the Supreme Court has routinely
relied on eustoman A inte rnational law to .I.l]‘lnll- ate a series of ¢ |'IH!I*~
arising ol ul' the expropriation of American investments by foreign
governments, [ think that the authoritative status of relevant I_.lIH—
ciples of customary international law makes it clearly illegal to engage
in most of the forms of environmental warfare that have been the sub-
ject of consideration in relation to the Indochina War,

These [-I"[Hr'i['ll‘- also bear, it seems to me, on the recent American
contention that the hombine of the dikes or dams, to the extent it ts
place, is an incidental consequence of trying to strike military targets,
such as fruck traffic or SAM missile implacements on dike structures
in North Vietnam, represents a disproportional military objective
relative to the eTav 'l!lx' of the civilian destruetion that Itli;;]ll I'i'?i“l]il.‘lii]_\'
result from such a military policy.

The second source of existing international law that bears on this
subject matter arises from the war erimes prosecutions after World
War ”

We have some actual i'—i'q--'l-i[w!l[-é which seem relevant to the assess-
ment of the legal status of environmental warfare. These precedents
were created at war erimes trials often carried out under the principal
initiative of the l S. Government.

A very significant case involves the prosecution at Nuremberg of
Arthur Sevss-Inquart, a Nazi high commissioner of Holland who was
charged with flooding 500,000 acres of land, thereby causing civilian
misery. Seyss-Inquart was sentenced to death for various atrocious
acts, but even he resisted superior orders to flood Holland indis-
criminantly and proved before the court that he had thereby spared
Dutch civilians much misery. :
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In another little reported case, the United Nations War Crimes
Commission recommended ||1.|| German occupying officials be charged
as war criminals because they had pursued “a policy of ruthless
exploitation of Polish forestry.”

Two principal conelusions emerge from this analysis:

(1) Indiseriminate, disproportionate, and inhumane forms of
environmental warfare violate international law as presently consti-
tuted; (2) Such a legal appraisal is evidently neither understood nor
accepted by governmental officials in this country.

CONFUSION CONCERNING LEGAL STATUS OF POLICIES

It is worth noting that even journalists g:t'llt‘t'zlll_\' critical of these
policies also appear to be confused about their legal status. Thus,
Seymour Hersh implies a legal vacuum when he writes: “T'echnically,
there are no international agreements outlawing such warfare’’—New
York Times, July 9, 1972, section 4, page 3—as if all of international
law is treaty law; and Robert I{mnlmlll says flatly, “Of course, fire
is not new as a weapon of war; it is not illegal’—New York Times,
July 23, 1972, section 4, page 2—as if past violations can serve as
precedents or that llm context of application is not relevant to the
appraisal of a weapon’s legal status.

NEED TO ADOPT EXPLICIT RULES AND PRINCIPLES OF PROHIBITION

These coneclusions suggest strongly the need to adopt explicit rules
and principles of prohibition with respect to all principal forms of
geophysical warfare. Such a treaty of prohibition as recommended
by Senate Resolution 281 is extremely important to counteract the
state practice exhibited by the United States throughout the course
of the Vietnam war.

[t is clearly true that other governments feel entitled to rely upon
war policies that were relied upon by others without formal rebuke in
the past. It is also true that many intellizent members of our own
society do not understand a government to be bound by international
law unless the rules of prohibition are embodied in treaty form.
Therefore, it seems necessary to seek general treaty rules of prohibition
and then seek widespread ratification. No other course of action is
|lk(]\ to encourage a st able 11‘2.{;1[ (';_'iml‘ that might deter national
military establishments from planning more lethal varieties of environ-
mental warfare for future wars.

It also seems desirable to pursue a clear-cut prohibition that goes
across the board. Such an approac :h has bee n klltu'nlllﬂ\ used in the
Geneva protocol nf 1925 with respect to poison gas, although recent
American claims that such a prohibition does not extend to riot
control agents or military herbicides threatens the clarity of the
threshold.

It is very important to seek standards of prohibition that are as
unambiguous as possible in international law, as enforcement and
guidance depend to such a great extent upon mobilizing world public
opinion and upon self-enforcement and self-interpretation on the
national level. Such standards of prohibition are particularly important
in this area of geophysical modification where t f'l|l|!lt|1[t‘- are just
beginning to develop and where the drive for peaceful uses is certain
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to extend the technological frontiers for weather and terrestrial mill]i]l-
ulation in the years ahead.

For similar reasons, it is critical to retain a broad sense of the
scope of geophysical warfare. It is essential to reach all human eflorts
to modify normal air and water flows with the intention ol securing
a military advantage. It is also necessary to embrace military efforts

to induce earthquakes or voleanoes.

And, finally, it is necessary to include military tactics designed to
alter the earth’s surface, as by deforestation and defoliation, whether
by Rome plow, fire, or chemical. We are dealing with an amorphous
sot of military possibilities that may pose dangerous threats to national
security and world stability unless effectively discouraged by a strong
treaty of prohibition,

The future possibility of a geophysical cold war or seeret war is
very menacing; the target society or region may not even know that
it is being intentionally victimized by its adversary.

One purpose of such a treaty of prohibition is to help erystallize a
moral consensus that reinforces the legal claims. The process of treaty
ratification is itsell illl]m!‘lnlll because it lends the IJI‘t'rlij.{t‘ of
governments to a specific legal undertaking and obliges national
officials to justify the legal obligations in relation to national interests.

RECOCIDE OR GEOCIDE CONVENTION SUGGESTED

I wounld also like to emphasize that, in addition to Senate Resolution
281. it would be desirable for this committee to hold hearings in
the near future to consider proposing the preparation for early adop-
tion of an ecocide or geocide convention to complement the genocide
convention. Such a proposal would help focus world attention on the
magnitude of the problems posed by geophysical warfare and might
strengthen inhibitions on weapons development and use in the future.
| have prepared a draft ecocide convention which is submitted here as
annex 1 of my supporting paper.

CONNECTION BETWEEN PRESENT CRISIS AND EFFORT TO SPARE MANKIND

I wonld like to conclude my statement by stressing the connection
between the present crisis ereated by our tactics in Indochina and a
genuine effort to spare mankind from geophysical warfare in the
future.

To be silent about the present crimes against the environment is to
compromise the integrity of the wider claims on the subject. I would
appeal to you not only In your capacity as elected representatives of
the American people, but also as human beings, given a small oppor-
1|1I1ill\' to raise your voices against the prospect of awesome 1':1l:lllli1}-'
in Vietnam should the combined effects of artificial rainmaking,
natural precipitation, and weakened and wrecked dams and dikes
cause major flooding during the weeks ahead in the Red River Delta.

One eyewitness observer of the bombing of the dikes, the Swedish
Ambassador to North Vietnam, Jean-Christophe Oberg, a respected
di[:lmn:iL has said:

|",\'|‘r_\r'»m-, even diplomats, must react as human beings, I have no intention of
witnessing passively what is happening.
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And on another recent oceasion, Ambassador Oberg observed:

If a eatastrophe oceurs in a few months, at the time of the monsoon, we shall
know who is responsible. But this must not be allowed to happen. The lives of
millions of people are jeopardy and an unprecedented famine could oceur in
North Vietnam.

'hank vou.
(Mr. Falk’s prepared statement follows:)
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to compromise the clarity of the threshold. It is very important to seek standards
of prohibition that are as unambiguous as possible in international law, as enforce-
ment and policy guidance depend to such a great extent upon mobilizing world
public opinion and upon self-enforcement and self-interpretation on the national
level. Such standards of prohibition are particularly important in this area of
geophysical modification where techniques are just beginning to develop and
where the drive for “peaceful uses' is certain to extend the technological frontiers
for weather and terrestrial manipulation in the years ahead far bevond the horizons
of present anticipation.

For similar reasons, it is eritical to retain a broad sense of the scope of geo-
physical warfare. It is essential to reach all human efforts to modify normal air
and water flows with the intention of securing a military advantage. It is also
necessary to embrace military efforts fo induce earthquakes or voleanos. And,
finally, it is necessary to include military tacties designed to alter the earth's
surface, as by deforestation and defoliation, whether by Rome Plow, fire or
chemical, or as by flooding, whether by rain making or the bombardment of
dikes, dams, and irrigation systems. We are dealing with an indefinite, but menac-
ing, set of military possibilities that may pose dangerous threats to national
security and world stability unless effectively discouraged by a strong treaty of
prohibition. The future possibility of a geophysical “cold war” or “‘secret war’’ is
particularly troublesome; the target society or region may not even know that it
is being intentionally vietimized by its adversary, or it may suspect that it is a
target when adverse natural phenomena are indeed accidents of nature.

One purpose of such a treaty of prohibition is to help erystallize a moral con-
sensus that reinforces the legal claims. The process of treaty ratification is itself
helpful because it lends the prestige and honor of governments to a specific legal
undertaking and obliges national officials to justify the legal obligations in re-
lation to national interests.

I would hope that this Subcommittee would also hold hearings in the near fu-
ture to consider the wisdom of proposing the adopton of an ecocide or geocide
convention to eompliment the Genocide Convention. Such a proposal would help
focus world attention on the magnitude of the problems posed by geophysical
warfare and might strengthen inhibitions on weapons developments and use in the
future. I have prepared a draft ecocide convention which is submitted here as
Annex 1 of my supporting paper.

I would like te conclude my statement by stressing the connection between the
present crisis created by our tactics in Indochina and a genuine effort to spare
mankind from geophysieal warfare in the future. To be silent it the present
erimes against the environment is to compromise the integrity of wider clain
this initial subject. I would appeal to you not only in your capacity as elected rep-
resentatives of the American people, but as human beings, given a small oppor-
tunity to raise your voices against the prospect of awesome calamity in Vietnam
should the combined effects of artificial rainmaking, natural precipitation, and
weakened and wrecked dams and dikes cause major flooding during the weeks
ahead in the Red River Delta. One evewitness observer of the bombing of the
dikes, the Swedish Ambassador to North Vietnam, Jean-Christophe Oberg, a re-
spected diplomat, has said, “Everyone, even diplomats, must react as human
beings . . . I have no intention of witnessing passively what is happening.” And
on another recent oceasion Ambassador Oberg observed: “If a catastrophe oceurs
in a few months, at the time of the monsoon, we shall know who i responsible.
But this must not be allowed to happen. The lives of millions of people are in
jeopardy, and an unprecedented famine eould oecur in North Vietnam.” (from
Fred Branfman’s collection of eyve-witness Western reports of bombing of dikes.)

Senator Case. Thank you, Dr. Falk.

Your longer paper will be included in the record and the annexes to
it that you referred to. (See appendix, p.133.)

I find nothing to question in your statement and I am very grateful
to you for coming. 1 know Senator Pell will be. too.

Thank you very much.

Mr. Fauk. Thank you.

Senator Case. Is there anything that anyone else here would like
to comment on as to what has been said so far by any of the witnesses?
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ISSUE OF PROHIBITION OF RESEARCH

Mr. Fark. Could T make a brief comment on the issue of the
prohibition of research?

Senator Case. 1 wish you would.

Mr. Fark. I unfortunately didn’t have the benefit of the resolution
before I came today because I was in upstate Vermont, but it seems
to me that it is important to balance on the one side the sorts o
considerations that have been advanced for not inhibiting research
with the dangers that seem to me so self-evident in many areas of
government of allowing research of this character to proceed under
classified or secret auspices. So I would think that one way of modify-
ing the present language of the resolution and still not losing all its
important inhibiting effect would be to require research to be con-
ducted on an open or unclassified basis and be subjected to some form
of congressional and possible citizen scrutiny on a continuing basis.

[ think that, as I say, there is so much evidence that governments
and our own Government has abused the prerogatives of secrecy with
respect to subject matter of this sort that 1 think it is very important
not to altogether eliminate the effort to control research that was
placed in the original treaty formulation.

Senator Case. I am very much obliged for that particular insight,
too. It is somewhat along the line of the idea of the environmental
quality openness without necessarily a specific policeman to say no.

[ take it you rely upon the scientific community and the public and
the Congress in the light of knowledge of what was proposed or is
going to be, to apply the restraint at least in the first instance?

Mr. Fauk. Yes, sir; that is correct, and also not to allow any
exclusive military research. There could be research with military
participation, it seems to me, but not research that was under the
exclusive domain of the military or other security-related agencies of
the Government. All research should involve participation of civilian
components, in other words, and all research, it seems to me, should
be subject to public scrutiny with possibly certain very exceptional
circumstances justifving some kind of limited nondisclosure.

[ can imagine certain things which it would be better for the world
not to know and, therefore, I can see certain exceptions, circumstances
where it might accordingly be appropriate to overcome this general
bias in favor of openness,

Senator Case. We already have a lot of controlled research and
secret research under the Atomic Energy Act, of course. We have
been going the other way in this area as far as legislation goes. I
think this is a very interesting and provocative suggestion and I
:I.I]I'{'l'i:'tll‘ it.

Mr. Fauk. Thank you.

Senator Case. Thank you very much.

The hearing will be adjourned, subject to the call of the Chair.

(Whereupon, at 12:25 p.m., the subcommittee adjourned, subject
to the call of the Chair,)
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MEMBERS OF 38 For Prace TarouvaH Law,
Washingten, D.C., June 15, 1871.

Hon. MeLvin R. Larrp,
Secretary of Defense,
Washington, D.C.

Dear Mg. SecreTAarY: We have ne ecent reports that the Air Foree is
using weather modification techniques to wash « sections of the Ho Chi Minh
Trail. At first glance, this appears to be a relatively harmless defensive project,
but it earries some disturbing implies

Using weather modification as a military tool opens the door to a vast unknown
category of warfare. A’ hough techniques are primitive today, experience with
other military systems sug nents inevitably will eome.

At present, we do not know the ecologieal consequences of such activities.
The possible redirection of storm centers producing prolonged drought conditions
or fostering other types of climatic changes, however, suggests awesome potential.
without the most painstaking analysis of environmental
Indeed, it would be scientifically and morally
wtion to use such eapability for

To move into this ares
implications would be most unwise.
wrong for the United States to become the first 1
military purposes,

Unless there is a clear government poliey to the contrary, the United States
may find itself charged, rightly wrongly, with initis g a new form of warfare.
tl eather or elimatic alteration activity

v nations might well justify wartime w
[ ary weather modification

is of our involvement in this area. [

could also embarrass our scientists engaged i timate research.
ntinue any weather modification opera-~
tion in a military environment. We would appreciste being advised of the admin-
i as obtaining the 1-uJ|||r||'11- background

tration’s poliey on this question as well
about Air Foree weather alteration activities in Indo-China and any other similar

project mned or underway,

RT (FUDE,
Chairman, Commiltee on World Environment and
I'nternational F'mr!u.r'rh’fu’f.
AraN CRANSTON,
Vice-Chaiyrman, Commullee on irld Environment
and Internalional Cooperation.

OFFICE OF THE SECRETARY OF DEFENSE,
Washington, D.C., June 22, 1971.
Hon. Aran CraxsTON,
Vice-chairman, Commiltee on World Environment and International Co-operation,
Mlembers of Congress for Peace through Law, Washington, D.C.
Desr SExaTorR CrANsTON: Secretary Laird has asked that I acknowledge
vour letter of June 15 regardi weather modificeation technigques.
Your letter is receiving attention and you will be advised further at a later date.
."‘:illl'l‘ll‘]_ N
J. F, LAWRENCE,
er General, USMC,
for Let ive Affairs.
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Dinecror or DerenNse ReEsearcn anp ENGINEERING,
Washington, D.C., July 12, 1971.
Hon. GiLsert Gubg,
Chairman, Commitlce on._World Environment and Inlernational Co-operalion,
Members of Congress for Peace through Law, Washington, D.C.

Dear Mg. Gupe: Your letter of June 15, 1971, which was addressed to the
Secretary of Defense, has been referred to this office for reply. In your letter you
expressed coneern over reported military use of weather modification techniques
by the Department of Defense.

The possibilities inherent in weather modification techniques to support military
operations have been the subject of discussion for more than 20 years. For a
number of these years the Department of Defense has been conducting several
modest research and development programs relating to various forms of weather
modification. These programs are carried out, in coneert with other Government
Departments and Agencies, under the aegis of the Interdepartmental Committee
for Atmospherie Scieng (ICAS). The results of the programs are reported
annually to ICAS, and are additionally reported in appropriate scientific journals
for consideration by the scientific community.

Weather modification research on the part of the Department of Defense
stems prinecipally from two major interests. The first of these is the enhance-
ment of our own operational posture through weather modification activities.
Two examples of this type of employment are: The suppression of hail and
lightning (to reduce damage to military property and equipment, and to increase
safety of operations), and the dissipation of fog at airfields and within harbors
(to enhance operational safety of aircraft and ships). The other interest is an
understanding of what capabilities our potential enemies may possess in the
area of weather modification operations. For example, the Soviets have demon-
strated a technique for hail suppression, Suitably designed artillery shells are
fired into eumulus elouds to reduce hailfall from those clouds, These experiments
are conducted by Soviet military personnel using military equipment.

DOD research in this area is condueted in the laboratory and in the field.
The field efforts, usually joint ventures with one or more other government
:I.gl-lli'il’-'. are :All l':tl‘vfll”_\' l‘uH!I‘tn“l-ll u[u-r;ttilmﬁ, h,‘]"-(‘tl on 1}]1-. |1|>:-it ;n':;i]:l])lc
theoretical knowledge. One example of fruitful field research has been the investi-
gation of precipitation augmentation. This research has established a significant
point: There is no known way to “make rain” under all conditions. When the
proper meteorological conditions prevail (that is, when clouds eapable of pro-
ducing natural rain exist), it is a relatively simple matter to increase the
amount of rain which will fall. The amount of increase is frequently of the
order of 30 to 507,. This augmentation is well within the natural limits of
rainfall for regions within which experiments have been conducted. Massive down-
pours, far in excess of natural oceurrences, have not been ]'nt‘-n:lm':-ll‘ and theo-
retical knowledge at hand indicates that this will probably always be the case.
Similarly, there is no known technique which will permit the steering of storms
into a specific area. The closest approach to large storm modification thus far
attempted is the Department of Commerce (NOAA)/Department of Defense
joint effort known as Project STORMFURY. In this project, studies are being
made on ways to ameliorate the maximum wind speed in hurricanes and ty-
phoons in order to reduce the severity of damage caused by these very destrue-
tive storms.

The field capabilities of the Department of Defense have been utilized on
several oceasions in attempts to alleviate severe drought conditions. In 1969 at
the request of the Government of the Philippines, the Department of Defense
conducted a six months’ precipitation augmentation project in the Philippine
archipelago. The Philippine Government considered the undertaking so successful
that they have subsequently taken steps to acquire an independent capability to
augment rainfall on an annual basis when required. Similarly, we have just com-
pleted a one-month project in Texas at the request of the Governor of that State.
The operation appears to have been moderately suceessful in alleviating Texas’
severe water shortage. On the other hand, attempts to solve similar problems in
India and at Midway Islands were near or total failures due to the absence of
suitable cloud formations.

Laboratory efforts conducted by the Department of Defense are designed in
large part to explore the questions concerning the ecology that vou raise in vour
letter. Many of these experiments are numerical investigations which utilize Iarge
computers to model the atmosphere. Because of the magnitude of the problem,
this effort is currently very much limited by the size and capabilities of existing
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compiters. When new computers now being designed are [Jl.‘lm-r{ in service,
however, we hope this effort be expanded to include models on a global seale.
Such work is being undertaken beeause DOD recognizes, as does vour Committee,
that large ¢ le weather modifics n operations must not be attempte d until
there is full and reliable theoret knowledge which assures that such operations
will not have an adverse effect upon the World’s climate.

R ding yvour question of the Administration’s policy toward weather modi-
fication, the Under Secretaries’ Committee, at the request of Dr. Kissinger, is
currently meeting to formulate a definitive National Policy. Presumably this
policy, when completed, will be announced to the Nation in some appropriate
fashion.

The Department of Defense has no comment concerning the reported use of
weather modification techniques in Indo-China.

Sineerely,
Joun S. Foster, JR.

Memsers ofF ConereEss ror Peace TurouveH Law,
Washington, D.C., October 15, 1971,
Hon. Menvin R, Lairp,
Secretary of Defense,
Washington, D.C.

Dear Mr. Sgererany: In a letter dated June 15, we wrote requesting specific
information wrding the use of weather modification techniques by the Air
Foree or other U.S. agencies in South East Asia.

Dr. John 8. Foster, in his reply July 12, gave us useful data concerning the
development for such techniques, but failed to direet his ecomments specifically to
our request. We find his deeision to withhold information with a “no comment”
unsatisfactory and inappropriate,

In particular, we would 1 answers to the following questions:

What tvpes of weather alteration programs are conducted in South East Asia?
Under whose authority? In which countries? Do these countries have knowledge
of and give approval for these activities? How long have these programs been in
force, operationally and experimentally?

How many people are involved and what are the total yearly cosis associated
with these activities?

What is the national policy regarding the use of weather modification in a war
zone or as a military tactic? Who established this policy and how is it reviewed
for specific projects?

As yvou know, there has been increasing concern among our colleagues about
excessive classification of information—a concern which we share particularly in
relation to a policy as potentially dangerous and counterproductive as weather
alteration. Since we assume that the information requested would not be of such
a sensitive nature as to warrant the invoking of Executive privilege by the Presi-
dent, we do expect a complete reply.

We remain deeply concerned about the disturbing implications of these activi-
ties and would be pleased to cooperate with the Administration in developing
national policy in this area.

Sineerely,
GiLBeRT (GUDE, 3
Chairman, Commiltee on World Environment
and International Cooperation.
ALAN URANSTON,
Vice-Chairman, Commilliee on World Environment
and International Cooperation.

Director oF DEFENSE RESEARCH AND ENGINEERING,
Washinglon, D.C., Deet mber 8, 1971.
Hon. GiLBERT GUDE,
Chairman, Commilttce on World Environmen! and I'niernational Cooperalion.
Hon. AnaN CRANSTON,
Vice-Chairman, Committee on World Environment and Iniernational Cooperalion,
Members of Congress for Peace through Law, Washington, D.C.

GeNTLEMEN: This is in response to your letter of 15 October 1971 to the
Secretary of Defense, wherein you express dissatisfaction with my earlier answer
to yvour inquiry regarding our activities in the field of weather modification.
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Certain aspects of our wo \ this area are classified. Recognizing that the
Congress is concerned with activities which bear on the quality of our environ-
ment I have, at the direction of Secretary Laird, seen to it tl he Chairmen of
the Committe .,1' Congress with primary responsibility for this ]J.» wrtment’
operations have been completely i1|l' rmed regarding the details of all classifie
weather modifics undertaki by the Department. However, since the i
formation to which I refer ite relationship to national security and
classified as a result, 1 fin ecessary to |n~.n11l|"]]' and regretfully
make a public disclosure of the activities at this time.

Sinecerely,
Joux S. Fosrti

CONGRESS FOR I’ ACE THROUGH La
Washington, D.C., January
Tur PresiDENT,
The White House,
Wash inglon, D.C.

Diar Mg. Presipext: We » concerned that the United States is exper
menting with weather modification as a military tactie in South Fast Asis
our belief that this program is extremely volatile and bears with it the pos
of considerable embarrassment

Using weather modi on a i
category of warfare. At present, we simply do not }
consequences of such activities. Although techniques are primitive r.ui Ay, exp
ence with other military stems suggests that refinements inevitably \ull con

¥e recognize that eivilis rese 1 in the weather modification 1! as gr
merit, The world's food problem r ins o1 il and we must learn to m
our environment productively, vet without harm. That is no justification, how-
ever, for the unilateral military use of thizs technology. Furthermore, to continue
the bulk of weather research under military auspices is an unwarranted intrusion
into the scientific community. If other nations sought to make an issue of our
actions, it could prove highly embarrassing to our own scientists.

The use of military weather modification reminds us of the early use of defolia
and herbicides in Vietnam. Then, as now, we had tle knowledge of the 1
I mmental or po iil al implications. There seemed to be no clear
national policy and as a result the U.8. was severely criticized.

We hope that you \\I.lt see fit to review the present activities in Indochina a
establish an announced policy prohibiting the Fu ure use of environmental warfare
We would be pleased to ¢ te with you in this matter and offer any .---|~1.H|u
that you might deem appr :

Sincerely yours,
GiLBERT GUDE,
Member of Congress,
Chairman.
ArLAN CRANSTON,
{/.8. Senalor,
Vice-Chatrman.

Tue Wuire House,
Washington, February 1, 1972.
Hon. GiLeerT GUDE,
House of Representatives,
Washington, D.C
Dear Grn: This will acknowledge vour letter of January 27 in which you were
joined by Senator Cranston, on behalf of the Members of Congress for Peace
through Law, in urging that weather modification techniques not be used as a
military tool in Southeast Asia. You may be assured your letter will be brought to
the President's attention and also shared with the appropriate members of the
staff.
With ecordial regards,
Sincerely,
Witniam E. Triummons,
istant lo the President.
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TiE SECRETARY OF DEFENSE,
Washinglon, March 18, 1972.

Fashington, D.C.

Diar Mr. Gupre: Your letter of 27 January 1972, signed by you and Senator
Cranston, addressed to the Pre 1t, wen referred to me for reply. In your
letter yvou expressed coneern with the possible military use of weather modification.

ments of Commerce and Interior together with the National Science
r portion of the national weather modification programs,
! » has no unique weather modification techniques nor
i= its pr n of rese: ] in comparison to the total Federal effort.

Some ets of our wo his area have a definite relationship to national

i are ssified accor . The Chairmen of the Senate and House
ns and Armed Services Committees have been fully informed on
aspects.

(Signed) Mewvin R. LAirD.

Mesmpers oF Coneriss For Peace TrroucH Law,
Washington, D.C., March 31, 1972.

SIDENT,
/ House,
Washinglon, D.C.

ast June I have corresponded with various officials

wtion 1 rding military applications of weather modification.

tary I s informed me, however, that this subject is classified due to its

nsitive n al security impli

With science progressing at a geometric rate, it will not be long before the ca-

bility to alter weather or even specific climates is an accepted fact. Long before

must eonsider the environmental and political as well as military conse-
mees of this new technology. It will be far easier to deal with this problem now
i r thar

[ would hope that you could review the weather modification program to deter-

ine if it can be declassified. If U.S. projects are exclusively defensive in nature,

uld be made known. If not, there is serious question about the pro-
riety of this activity.

More important, however, I would recommend that the Department of Defense

ue a “no first use’’ proclamation regarding the offensive employment of environ-
nental warfare. Perhaps this could be incorporated into a carefully prepared inter-

itional treaty initiated by this Administration.

Your leadership in the field of chemieal-biological warfare offers the best possible
model for this proposed treaty. Both CBW and weather modification have serious
command and control problems and if used, would be indiscriminate.

It would seem logical that the issue of weather modification should be brought
before the Conference of the Committee on Disarmament in Geneva, This step
would again demonstrate the willingness of the U.S. to take leadership on arms
control questions.

Sinecerely,
GiLBerT GUDE,
Chairman, World Environment and
International Cooperation Commiltee.

Tre Waire Housge
Washington, April 4, 1972.
Hon. GiLeert GUDE,
House of Represenlal?
Washington, D.C.

Dear Gin: In Bill Timmons' absence, I wish to acknowledge and thank you
for your letter on behalf of Members of Congress for Peace through Law suggesting
that the subject of the military application of weather modification be placed on
the agenda for discussion at the Conference of the Committee on Disarmament
at Geneva.
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You may be assured your letter will be brought to the President’s attention
and also shared with the appropriate members of the staff.
With warm regards,
sSincerely,
Ricaarp K. Coox,
Deputy Assistant to the President.

|Fron nce magazine, Vol. 176, June 16, 1072]

RainmaxinG: Rumorep Use Over Lios AvarMms Arus
SCIENTISTS

(By Deborah Shapley)

For the past year, rumors and speculation, along with oeccasional bits of cir-
cumstantial evidence, have aceumulated in Washington to the effect that the
military has tried to increase rainfall in Inmnhltu to hinder enemy infiltration
inte ith Vietnam—in effect, using the weather as a weapon of war. But Pentagon
officials have been extremely tight-lipped '1u-ut it, even to prominent members
of Congress, and it appears that the old saying is now turned around: The generals
are probably doing r-'ilmi‘”titl:_'. about the weather, but nobody's talking about it.
The Pentagon Papers makes references to such activities as having been suecessfully
carried out in Laos, and a Jack Anderson eolumn in the Washington Post a year
ago deseribed a top-secret operation over the Ho Chi Minh trail.

The only denial so far has come from Department of Defense (DOD) Secretary
Melvin R. Laird in congressional testimony. However, all Laird denied was the
use of weather control “over North Vietnam,” and, since the Anderson column
and The Penlagon Papers concern Laos and the Ho Chi Minh trail, which runs
through Laos and Cambodia, no real answers to the speculations have been
lJI‘u\'i.ll{'d.

The DOD has admitted that various forms of climate modification have been
considered by the military for more than 20 ye A well-known geophysicist
formerly with DOD’s Institute for Defense Analyses, Gordon J. F. MacDonald
(who now sits on the Council for Environmental Quality), wrote a Cassandra-like
chapter on potential geophysical warfare in 1968, which described control of
rainfall, drought, earthquakes, and even possible tinkering in the Arctic.! The
Indochina allegations are limited to charges that the DOD has augmented rainfall
to muddy up trails, thus hindering the flow of men and vehicles to the south,
but some scientists and arms experts regard even this limited activity as a camel’s
nose under the geophysical tent.

The issue has an important scientific dimension, too, for meteorology is one of
the most internationally minded of all scientific fields. Many prominent U.S.
meteorologists have for years favored a ban on military uses of weather control.
Describing their reactions even to the possibility that thlm fec ]mlt;lh s have been
used, they use such words as “distressed,’” and “appalled.” They add that weather
control in Indochina could hurt international, peaceful weather research. Hence,
the issue of whether the DOD has been, or might be, seeding clouds over Asia
holds implications beyond the horizons of Indochina alone.

The only direct evidence that weather modification techniques have been used
in Indochina eomes from some references in The Peniagon Papers which indicate
that the Joint Chiefs of Staff (JCS), probably in 1966, had rainfall experiments
conducted over Laos “successfully.” }n 1967, the JCS urged President Lyndon
B. Johnson to authorize an operational weather program with the innocuous
name of Operation POP EYE as a means of escalating the war. According to the
Gravel edition of the papers, volume 4, page 421, the JCS suggested to Johnson
in a memo that this might be one way of widening the war with minimal political
repercussions at home.?

4. LAOS OPERATIONS—Continue as at present plus Operation POP EYE to
reduce trafficability along infiitration routes.

Authority/ Policy Changes—Authorization required to implement operational
phase of ~veather modification process previously successfully tested and evaluated
In same area.

“How <\\|' k nvironment,” in Unless Peace Comes: A Scientific Forecast
] lder, Ed. (Vi ‘In“_ Jow Yor 058)
2 The Pentagon P he Defer u( Department H.u.r;;y of U w.r]’ States Declsi ionmaking on Vietnam (Bea-
con Press, Boston, Mass.), vol. 4.
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Impact—Normal military oper: 1 risks. Risk of compromise is

1967, the President was handed a *“shopping list” of
Iz recommended by the JCS and apparently written by John
s Office of Inter mal Seeurity Affairs in DOD. Volume 4,

L imendations:

' near :

» rest of the memo:

with each of the eigl wecific option
noting our capability i nstance i complete

ction to t [
Evidently, the JCS conside ier modification worthy of consideration

as one way of waging war.

Some who have been closely associated with The Pentagon Papers study,
asked about these references, ited out that the study was compiled by civilians
with relatively little knowledge or : day-to-day combat operations. They
say it is reasonable to infer that the relativ few references to weather modifies
tion activities in The Pentagon Papers are no clue tc the actual extent of militar
weather modifieation operations.

The other evidence that rainfall augmentation might still be going on is cir-
cumstantial. On 18 March 1971, the well-known syndicated columnist, Jack
Anderson, in his column in the Washington Pest, claimed that the Ho Chi Minh
trail, which runs through both Laos and Cambodia, had been seeded by the Air
Force sinee 1967 (the date of JCS recommendations listed in The Pentagon Papers).
In part, Anderson wrote:

The hush-hush project, known by the code name “Intermediary-Compatriot,”
was started in 1967 to hamper enemy logistics. Those who fly the rainmaking
missions believe they have increased the precipitation over the jungle roadways
during the wet seasons.

. . . These assertedly have caused flooding conditions along the trails, making
them impassable.

The Ho Chi Minh trails will get their next monsoon bath from May to Sep-
tember. , . . Only those with top security clearance knew, until now, that nature
would be assisted by the U.S. Air Foree.

Anderson was alleging that “Intermediary-Compatriot” would be going on
from May to September 1971, The Pentagon has never confirmed or denied the
charge. Its response, in facet, has been to say that the answers are classified—a
statement that leads some liberal congressmen to conclude they must be doing it.
John 8. Foster, Director of Defense Research and Enginecring (DR & E), replied
in an almost identical fashion to written queries from Senator Claiborne Pell
(D-R.1.), Senator Alan Cranston (D-Calif.), and Representative Gilbert Gude
(R-Md.).

Certain aspeets of our work in this area [weather modification] are classified.
Recognizing that the Congress is concerned . . . I have, at the direction of Secretary
Laird seen to it that the Chairmen of the Committees of Congress with primary
responsibility for this Department’s operations have been completely informed
regarding the details of all classified weather modifieation undertakings by the
Department. However, sinee the information to which I refer has a definite
relationship to national seeurity and is classified as a result, I find it necessary
to respectfully and regretfully decline to make a public disclosure of the details
of these activities at this time.

Pell will try to get some elaboration on this statement from DOD when he
holds hearings on a draft treaty banning environmental modifications for military
purposes. However, so far, Laird is the only DOD official who has been asked
point-blank whether the military is modifying weather in the war. In April,
Senator J. William Fulbright (D-Ark.), asked him about it, although the question-
ing was limited to North Vietnam.

FuLericaT: . . . In other words, you have never engaged in the use of this,
whatever it may be, weather control, although you have a capability of it. Is
that the reason?”

Lairp: “We have never engaged in that type of activity over North Vietnam."

Although it sounds harmless, in Indochina, rainfall augmentation can have
key military and tactical advantages. The purpose of eloud seeding would be
to muddy up the hundreds of trail networks which wind southward and east-
ward through Laos and Cambodia, providing vital links between North Vietnam
and China, and South Vietnam. Impeding the traffic of men and materiel which

§2-892—72——8
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flows constantly through this jungled, often mountainous terrain has been the
key objeetive of the United States’ billion-dollar bombing campai ince 1965.

But a flood can m up a road or pathway as miuch as a bomb explos ion (
Moreover, it is mu aper, and highly covert. Scientists say that only
Laotians and Cambodians took extensive samples of rainwater and s
tested them for trace elements, could they actually prove that the normal rai if :.i
had been artificially iner

Moreover. this form of weather modification is equally covert to the side em-

it. According to civilian scientists, a cloud-seeding plane c w any tyvpe

eds little -|---:-i;!'a equip: nent, and 35 to 100 | inds of silver iodide

seeding mission. Even if equipped w lt.1 racks for the ti]'--|1;;i||-' of

: flares—one lu|||..=:|‘ for seeding—a l1||r! maodification plane

would look the s v A8 A recol issance plane whic irnile Not

only would the wtians have a difficult time discovering our ¢ 'Iiﬂi—ﬂm.fll._
aetivities, Americans would ve difficulty too?

One of the most eminent of DOD's weathe dentists is Pierre Saint-Amand,
who is head of the Earth d Planetary Sciences Hi\i-—mr- of the Naval Ordna
Laboratory, Nav Wea Center, China Lake, Californi: ) that
alleged use of cloud seedi in Indochina is “outside of my abi
Like other DOD spokesmen on the subject of weather modificat £
is eager to point out that the Soviet Union is doing extensive weather modifi

ential of cloud seeding for impedi nfiltration routes,
don’t t : using weather to disem : le f moving is a
II vou estimate the amount of dam ne by impeding some-
vers -1~'-' ving them up or bur them I don’t think it
ier is no less humane a weapo 1 bombing and

Civilian meteorologists, however, tend to be far more cautious
of current weather modification techniques. They say, anxiousl)
can cloud seeding be actually proved to work, The DOD, for ex
a cloud-seeding project over Texas during a drought was SUCEes
rainfall followed the seeding, However, fince the rain fell in 1 J
those seeded, there is no way of knowing whether the rainfall wou hf have

anyway, ;-.ml in what amounts.

Civilian weather seientists almost universally favor limiting or banning military
operations in which weather modification techniques are used, and they can
to a f: long history of recommending same. In 1971, a National Acade
Sciences (NAS) study of the future of the atmospheric sciences resolv d that

The U.8. Government is urged to present for adoption by the United Nations
General Assembly a resolution dedicating all weather nwnhln'lrmn efforts to
peaceful purposes and establishing, preferably within the framework of interna-
tional nongov wental scientific organizations, an 1‘1\1-\|I\ mechanism for
consideration of weather-modification problems of potential international concern
before they reach eritical levels,

One of the most prominent meteorologists is Thomas F, Malone, of the Uni-
versity of Connecticut, who is chairman of the NAS panel on weather
modification of the academy’s Committee on Atmospheric Seciences and one
organizer with the World Meteorological Organization of the United Nations
of the Global Atmospheric Research Program (GARP). Malone says, “I have
made speeches for 10 years saying we should get together and do this work
internationally before it got to the point of being operational. Otherwise we
will face horrendous political problems . . . putting the genie back into the
bhottle.’

Joanne Simpson, who has made cloud modification experiments at the Eix-
perimental Meteorological Laboratory of the National Oceanographic and
Atmospheric Administration (NOAA), was asked how she would react to seeing
the results of her work applied in warfare. She said, “I would be grieved to
see my work used for military purposes because I got involved in this kind
of work to do useful things, not destructive things.”

And Joseph Smagorinsky, a NOAA meteorologist who has modeled climate
and weather and who is on the executive committee of the GARP organizing

¢ Cumulus Cloads
. 9 April 1971).

rathe i
1 x \eﬂf( .“ riorities [ men n 1116, Co
tee on nospheric Sclences, National Research Counecil (Ng mn.n al \( ademy of Sciences, Washing
D.C. i"'l‘ p. 61.
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committee, expressed stronger wition: “These programs are a cooperative
effort of many nation nd eacl ives up a certain amount of autonomy to
work together,” he If they felt this would be used against them, the
would very definitely be a cooling off.” Smagorinsky pointed out that one part
of the GARP plan will put about 20 ships and 10 to 15 airplanes over the
Atlantic working together. They will come from many countries, including the
United States and the Soviet Union. If it turns out that the United States
has militaristic uses for weather modification, “this sort of thing would drop
dead. It would undo everything that science has been able to do. It would
have absolutely tra

Walter 0. Roberts, director National Center for Atmospheric Research
in Boulder, Colorado, takes a m conservative view. “I think it very unlikely
that deliberate weather ation is a particularly effective weapon,” he said.
“I'm very concerned about 1 ternational, inadvertent weather modification as a
result of pollution; I don't eteorological use in warfare as much of a
threat. But if you could visit a l e on somebody, I would be very opposed
and consider it very serious.”

Concern over the milit spects of weather modification has been expressed
by a number of defense s Jdists and arms control experts. Many see a parallel
with chemic nd biological weapons, which have similar wdvertent effects on
environment, and also affect h soldier and civilian, Leslie Gelb, now of the
Bro os Institution, who di : n within DOD the 47-volume Pentag
study of the war, which was later ked as the Pentagon Papers, said, M
instinetive reaction to the use of this kind of technique is negative. Like chemical
and biological weapons, it deals area that would become essentially un-
controllable. But I have no categorical answer on it because 1 don’t know enough
of the scientific aspects.”

Representative Gude, who with Cranston, has attempted to find out about
Indochina weather control for over a year and has never even n offered a
DOD classified briefing, says, “The a similarity between chemical and biols
cal weapons and weather control. You could have a snowballing effect in both
cases, an effect on nature over vhich you lose control.”

Matthew Meselson, prof r of biology at Harvard, and a long-time consultant
to the Arms Control and Disarmament Agency, who is identified with the suceess-
ful campaign to ban biological warfare, was asked about the parallel to chemical
and biological warfare, He said, “First, I have no knowledge one way or the other
as to whether the United States has engaged in weather modifieation in conneetion
with military activities in southeast Asia.

“However, it is obvious that weather modification used as a weapon of war has
the potential for causing large scale and quite possibly uncontrollable and un-
predietable destruction. Furthermore, such destruction might well have a far
greater impact on civilians than on combatants. This would be especially true
in areas where subsistence agriculture is practiced, in food deficit areas, and in
areas subjeet to flooding.”

Leonard 8. Rodberg, a fellow of the Institute for Policy Studies who assisted in
publishing the Gravel Pentagon Papers, said, “I don’t think we have a right to
experiment on other people. It's a standard issue which in medieal terms would be
called informed consent. The people in that area [Indochina] are totally dependent
on the weather for their livelihoods. If we change the pattern we destroy their
abilitv to exist. We've done it not only with weather modification but with de-
foliants and herbicides.” Rodberg adds, ‘“It’s quite clear that many kinds of ex-
perimentation have been permitted in Indochina. So long as it's not a large opera-
tion that would get a lot of publicity, anything can be done.”

Most of those queried favored some sort of ban on military use of weather
modification technology. But Adrian S. Fisher, deputy director of the Arms Con-
trol and Disarmament Ageney from 1961-1969, now dean of the Georgetown
University Law School, says, “Weather modification is really an appropriate sub-
ject, not only for an arms control agreement, but for a peaceful uses agreement,”
which would “regulate allocation of resources in such a way as to recognize its
good qualities as well as its bad ones.”

Finally, another well-known arms control specialist, Herbert P. Scoville, Jr.,
favors a ban on weather modification’s military uses. “‘I would strongly support
any statement that we ought to ban the use of weather modification for military
purposes and seek an international agreement on this.

““At some stage of the game, somebody may start doing it—even if it's not go-
ing on now. To me it is a terrible way to be using science.”
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TecHNOLOGY IN VIETNAM: Fme StorM Prosgcr Frzziep Our
(By Deborah Shapley)

The Advanced Research Projects Agency (ARPA), which is attached to
the Department of Defense (DOD) made at least three attempts, in 1965, 1966,
and 1967, to light what defense planners termed “fire storms’ '—the name used
to describe the World War IT holocausts at Hamburg, Dresden, and elsewhere—in
some of South Vietnam’s most valuable timber country. All thre attempts,
Immv\':-r, fizzled out. One may have even caused rainfall instead of a big forest
fire.

The attempts were known by such euphemistic names as Sherwood Forest,
Hot Tip, and Operation Pink Rose. They took place in the Mekong Terrace
section of South Vietnam—a central plains area which contains several luxury
timbers, such as mahogany and rosewood, and half of South Vietnam’s sawmills.
Timbering is said to be one of the few industries that eould develop into prime
importance for the South Vietnamese economy. Nonetheless, experts from the
U.3. Department of Agriculture (USDA) were called in by ARPA to advise on
how to effectively burn the forests. The project’s budget was on the order of
51 million,

Military sources say that the attempted jungle fires took place in areas where
there were no “permanent type villages,” although they allow that Viet Cong
supply depots and base camps were in the woods. But Senator Gaylord Nelson
(D-Wis.) views the fire projects as part of the U.S.’s “callous” and “unprecedented
environmental warfare” which has involved “an outrageous use of technology.”

The USDA fire service role in the project was led by Craig Chandler, a fire
storm expert who is now director of fire research for the Forest Service. The fire
storm project is alzo discussed in a classified paper, obtained by Seience, written
by Arthur F. McConnell, Jr., a lieutenant eolonel in the Air Foree who was
involved with the Ranch Hand defoliation missions.

Two reasons were given for the project. One was that, by creating a fire which
would “crown,” that is, burn out defoliated tops of trees, the fire would remove
layers of jungle canopy and make reconnaissance from the air more effective. A
second reason was that a large-scale jungle fire which reached the tree tops would
also destroy the ground cover and make coneealment and camouflage by the enemy
from U.S. bombing strikes or ground attack impossible.

Fire storms can be many times more dangerous than regular fires: they have
occurred accidentally in forests in the American West, as well as in Australia and
southern France; they also oceurred in urban areas, including Dresden and Ham-
burg, and on at least two oceasions in Tokyo during a 1923 earthquake and during
bombing raids in 1944-1945.

In a fire storm, the area of intense burning sucks in oxvgen at such a rate that
IIi,‘.{iI-*Illi'l'li. cyclone-like ground winds are created, blowing into the fire at apeeds
which may exceed 100 miles an hour. The Hamburg fire chief, for example, report-
ing on the fire storm of July 1943, said that many people died from the intense
heat even though they were located 150 meters from the nearest burning building.!

Both McConnell's elassified paper (which was later sanitized and published in
the Air Universily Review *) and ARPA officials used the term fire storm to deseribe
the burning projects in Vietnam. Chandler says he was asked on a number of
oecasions during the operation of the project whether a fire storm could be ignited
in the humid, tropical jungle. Although lighting a fire storm might be feasible under
certain conditions in temperate areas, such as the western United States, Chandler
said he told the military it was not feasible to do so in the jungle.

Nonetheless, the fire storm project, as it came to be known, was started under
ARPA authorizing order 818. Its final reports are all classified, although some press
reports appeared at the time of the attempts. Chandler said he was willing to be
interviewed only about those aspects of the project which he had already seen
appear in unclassified publications.

The project began at the request of CINCPAC, the office of the Commander in
Chief of the Pacific which runs operations in Vietnam. Chemieal defoliants were
then coming into use in the war. However, the jungle canopy, which can extend
upward in tiers to a height of 100 feet from the ground, was not transparent
enough after defoliating missions. An ARPA spokesman said, “The question posed

' “Field 1 on World War 1T German fire experience,” J 79)~65419 to Carl F.
Mi and wes W, Kerr, October 1965, Stanford R y 5 . Menlo Park, C

ed version was published as: A. F Jr., “Mission: Ranch Ha Air Univ. Rev
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by CINCPAC was: couldn't we burn the jungle area in the so-called ‘hot zones’
of infiltration?"

ARPA hired the fire research section of the USDA Forest Service to carry
out the order, and offered the support of its 25-member field unit which had
been stationed in Vietnam since 1961. The USDA did some preliminary research,
then participated in the first “‘field test”—as ARPA calls it—in the Boi Lol
woods near the Iron triangle near Tay Ninh eity. The area is due west of Saigon,
close to the Cambodian border. As in all the fire storm attempts, at the beginning
of the dry season Ranch Hand crews defoliated the area, the dead leaves were
permitted to dry out for a period, thus preparing the fuel supply. Then ignition
was attempted. Hence, in April or May of 1965, a section of the Boi Loi woods
was ignited. According to MeConnell’s paper, the project, ““Operation Sherwood
Forest,” was “a massive attempt to burn out a defoliated section of the Boi
Loi woods in the hope of denying the enemy an extremely vital base camp area.”

Unfortunately, it was raining on the day the field units tried to light the fire.
The lighting attempt went ahead, but nothing happened because of the rain.
The failure to ignite the woods under the right weather conditions was the reason
a second at tempt was made a year later.

Chandler recalls two subsequent major attempts, but MeConnell’'s paper
implies that there may have been more. It is interesting to note,” MeConnell
wrote before the Air Force censor deleted the passage, “that during this period
and for the next yvear, several ‘fire storm’ projects similar to the Boi Loi woods
effort were made in conjunction with the Vietnamese Air Force.” Asked about
this, ARPA officials noted that one of the jobs of the ARPA field unit was to
transfer technical skills to the Vietnamese; however, the officials doubted that
the incendiary technology was ever successful enough to be passed along to U.S.
.'l”il'h.

The second major burning attempt, code named Hot Tip, was made much
farther north, in the Chu Pong Mountains, about halfway between the South
Vietnamese cities of Pleiku and Kontum. Ranch Hand crews again defoliated a
forest tract probably less than 30 square miles in area. Chandler recalls that the
fire was lit sometime in either January, February, or early March of 1966.

“This one wasn’t done in the rain,” says Chandler. “ It was more suceessful than
the first attempt. We recommended some changes afterward, which is why there
was a third attempt.” Later, an Associated Press acecount termed this attempt an
“incendiary raid” made by “tactical bombers.”” According to other gources, the
fire burned parts of the forest and ground cover, but failed to continue burning,
or to spread. One reason, of course, was the high humidity of the jungle. The other
was apparently the temperature andswind conditions.

The third and biggest attempt, code named Operation Pink Rose, took place in a
Viet Cong stronghold northeast of Saigon near Xuan Loe, in February or early
March of 1967. The area staked out for burning was probably 30 square miles. In
this case, although weather conditions were perfect, the fire was followed by a
rainstorm which put it out. Some accounts say that the fire may have caused the
rainstorm. Thus, all three of the attempts were considered failures.

According to MeConnell's original paper, in a passage that was later slightly
altered: **One of the highlights of this period [early 1967] was Operation ‘Pink

tose,” the third jungle-burning project carried out by Ranch Hand crews. In
support of this project, the squadron flew approximately 225 sorties and delivered
over a guarter-mill gallons of herbicide on selected target areas in War Zones
Cand D.” One n ry observer, L. L. Herzog, a lieutenant commander, who saw
the Pink Rose incendiaries dropping from the sky, was later quoted as saying,
“It looked just like the Fourth of July.”

Chandler savs, “The rain came the evening afterwards. The country doesn't
burn well. This is why there was never any expectation on our part that fires
were going to spread.” Chandler would say only that the incendiaries used for
Operation Pink Rose were “of a World War II type'' and that after the third
attempt, the Forest Service experts who had worked on the project wrote a
report to ARPA advising that no further “field tests' or research be carried out.

Much of ARPA’s field research in South Vietnam, including the trail sensor
network and the foliage penetration radar, has come into wide use in the war.
Other projects, such as Pink Rose, which don't work out, are allowed to quietly
die. “This was clearly one of those ideas that should have been given the very
quietest funeral,” an ARPA official said. ARPA briefed the relevant officials in
the Air Foree and the Office of the Secretary of Defense on USDA’s conclusions,
and that was that. “Its really was a nutty idea to begin with,” said an ARPA
official.
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Despite the unanimous “nyet” of the USDA and ARPA to the feasibility of
starting fire storms, or self-propagating fireés, in the damp Vietnamese jungle,
two questions about the project remain, One is why the term fire storm came to
be applied in the first place to the project. McConnell, the former Ranch Hand
chief who mentioned fire storms in the course of his paper, said he recalled picking
up the term from military sources,

Jay Bentley, a forester, now retired, who was with the fire research service, and
headed up the fieldwork for Hot Tip, the second attempt, said he did not recall
even hearing the term fire storm in connection with the project until he re: 1 it
in the newspapers. As to who I'ili‘:v[l the v\'|,n-:'T.".IinIl that a Dresdenor Hamburg-
like holocaust would be created in the jungles, Bentley says, "I didn’t expect very
much to result or think the expectation was very high as far as ARPA was con-
cerned.” This statement, as well as ARPA’'s skept ieal attitude toward the project,
would seem to imply that the enthusiastic -and horrifie—term fire storm ¢ nated
from military command sources, over the expert technical advice of the civilis
and ARPA.

Another question is what would have happened if the experts had indeed
found a way to spark big fires. ARPA sources said unhesitatingly that if Pink Rose
had suceeeded, the military commanders would have doubtless gone on to use
fire-lighting in other situations.

Incendiary technology would have been added, along with herbicides, weather
modification, and other environmental weapons, to the DOD arsenal.

Yet, discussing their own role, both the ARPA spokesmen and the Forest
Service experts merely claim that they were giving neutral, technical advice,
Chandler obviously likes trees, yet he also supports the jungle-burning project
because, in his words, “it was part of a military operation” and no villages
“friendly or unfriendly’” were involved. “This was definitely not a burn-up-people
project,” he says. And a high ARPA official defends the agency's role thus:
“Here was a situation which came up which clearly no one knew what the facts
were. . . . We were, as research [unn]:](-_ asked to look into the technical ]h---m'l-
bilities and to tell people who make political decisions what the facts were."”
These statements rivet the issue back to the historic claim by scientists that their
technical advice is morally neutral and, by implication, divorced from the unses
to which the technology they develop is ultimately applied. Perhaps there were
no villages involved in what ARPA blandly called the “field tes 3 of the incendi-
ary projects. Yet clearly there was no insurance that villages would not someday be
ineluded in the target area.

The fire storm project is now a mere historical event which its perpetrators
would prefer to forget. But another issue may loom very much in the present and
future and relates to the matter of ecocide. According to Forest Service experts
who have surveyed and inventoried the forest resources of South Vietnam and
their alteration due to the war, at least 1 million hectares were defoliated, as of
1967, and that total may have reached 3.5 million by 1969.% Defoliation has
taken place, not just a few times in a few strategic patehes of jungle; some
have been sprayved for almost 10 years. The tropical hardwood forests
Mekong Terrace are drier now than they were in 1965-1967 when humidity
dampened Pink Rose projects. It is still possible that fires might recur as a mode
of warfare in the collective memory of CINCPAC and the military commanders.
As one ARPA official said, ““If the system has any institutional memory whatever,
if this suggestion is ever made again, they'll look into the files and find out it
doesn’t work.”

President Ricuarp M. Nixon,
The White House,
Washington, D.C.

DEeArR MR. PresmpexT: It has been revealed only recently that the United States
government has been using weather modification a weapon of war in southeast
Asia. We protest both the unilateral escalation of we nry and the perversion of
environmental forees by their use as instruments of warfare. These are forees that
have the potential of doing mankind untold good

This aetion by our government is a clear violation of the principles
Declaration of the United Nations Conference on t Human Environmen
adopted in Stockholm on June 16, 1972, to which the United States is a party.

Barry R. Flamm and Jay H. Cravens, “ Effects of war ¢ ze on the forest resourees of South Vietnam,'
J. Forest, 60, 784 (1971).
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This Declaration stated that:

“‘States have, in accordance with the Charter of the United Nations and the
principles of international law, . the responsibility to ensure that activities
within their jurisdiction or control do not cause damage to the environment of
other States or of areas beyond the limits of national jurisdietion.”

The revelation that we use weather modification as an instrument of war raises
serious question as to our good faith in entering into this solemn compact and our
intention to abide by it.

We believe that such environmental modification activities can have signifieant
unforeseen consequences with widespread and perhaps uncontrollable damage.

We the public have not been informed of the reason for using environmental
engineering as a weapon of war any more than we were of its use until the recent
publications. But, even if it has been effective, which we do not see claimed or
substantiated, the United States should seek to lead the world’s nations away from
new armaments, not towards another arms race. The use of weather modification
as part of such a race would be particularly tragic because meteorology has been
a model of international cooperation.

Aceordingly, we call upon you to announce that the United States will seck
international agreement on the principle of providing for the complete cessation of
any research, experimentation, or use of anjy environmental or geophysieal
modification activity as a weapon of war. The United States should henceforth
dedicate all geophysical and environmental research to peaceful purposes and
should aetively seek the cooperation of other nations in programs of joint research
on geophysical phenomena, their control, and their peaceful use.

tAYMOND J. SHERWIN,
President, Sierra Club.
Marviy L. GOLDBERG
Chairman, Federation of American enlists.

ENVIRONMENTAL Impacr o MopeErN WEearons TecuNonocy IN S.E. Asia

(By E. W. Pfeiffer and Arthur H. Westing, Copyright 1971, Committee for
Environmental Information)

[ Reprinted with permission from Encironment o ¢, 438 North Skinker Blvd.,
Bt, Louls, Missouri 63130]

The following three reports on Vietnam were prepared for Environment by iwo
U.S. scientists who have had considerable experience in that country. They are
Dr. E. W. Pfeiffer, zoologist from the University of Montana, and Dr. Arthur H.
Westing, botanist from Windham College, Putney, Vermont. Both seientists had
previously traveled to Vietnam to investigate the effects of wartime 1 of herhi-
cides (see Enpironment, March 1971, p. 34). In August, they visited Vietnam on
behalf of the Seientists’ Institute for Public Information and Environment; their
trip was supported in part by the Fund for Investigative Journalism and the
D. J. B. Foundation. They explored, among other things, ways which the
landscape has been drastic: tered by high explosives, including 7.5-ton bombs,
and speecial bulldozers. (Previous reports dealt with the effects of herbicide
spraying.)

In summary, the investigations reveal that military operations in Vietnam have
disrupted the economy and cultural life of the people, as did saturation bombing
and mechanized armies in Europe in World War II. For the most part, the high
explosives used in the Indochina War have devastated the land rather than major
cities, but the destruetion has seriously damaged forests and soil on which the
Vietnamese depend. For example, bulldozers equipped to clear jungles to the
forest floor and thus deny cover to the opposing soldiers have already destroyed
more than $40 million worth of timber and rubber trees. Timber not destroyved
outright frequently contains shrapnel that either breaks saw blades or promotes
disease that weakens the wood. In the wake of jungle-clearing operations come
s0il erosion, flash floods, and invasion by economically useless weeds. The esti-
mated ten million or more bomb craters in South Vietnam disrupt rice farming
and fill with water to become breeding places for disease-bearing mosquitoes.
Special blockbuster bombs—the largest aerial weapons available short of nuclear
weapons—uprool all vegetation in football-field-size areas and kill or illjilﬂ‘ all
animal life for alinost a mile in every direction. An as vet undetermined cost of
the war will be the long-term ecological and sociological effects of this devastation.
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I. CrATERS
(By E. W. Pfeiffer)

During the Indochina war the U.S. has dropped more than two times the
tonnage of bombs that was dropped in Europe, Asia, and Africa during World
War I, most of it in Vietnam, a country about the =ize of New England or one-
half the size of the state of Montana. Rocket rtillery shells, and mines have
been exploded on a vast seale in many areas in V nam, in addition to explosives
dropped from aireraft. This ordnance has been used principally in free-fire zones
or special strike zones, which all people except the National Liberation Front and
its North Vietnamese allies have supposedly vacated. Data on the extent of the
free-fire zones of th Vietnam would pe r]1|ll caleulation of the percent of
Vietnamese land surface that has been intensive !\ subjected to these wi
These data are not, however, presently available

Although few details have been released reg mllrl-r expenditures or target
tions for the various types of mn '..|1< the following summary figures for
Indochina have been made available by the Department of Defense:

MUNITIONS USED IN INDOCHINA WAR

|!n millions of pounds]

Air Surface
munitions munitions

630 !
024 1,164
, 866 2,413
, 863 3,003

2,774 2,808
» 359 2,389

1,112 1,777

during these six years was small arms and other ordnance that would not produce
eraters (nor do we know what the diztribution is among South Vietnam, North
Vietnam, (‘-'||I'I""'!i'.F_. and Laos), To make some wild :I|~-'l.:11|l|:i-~r|.~'. if half the
minitions -!:_\' weight) were of the sort 1h:t1 P wduee eraters .|=-ml.»-‘ -'lu'1|~¢_ el
and if each was a 500-pound bomb, then Indochina’s landscape would now
more or less permanently rearranged by more than twenty million eraters. U
an estimated ge diameter of 30 feet, the holes alone would eover a combine 1i
area of about 325,000 acres. Although oceasional, seattered eraters can be found
almost anywhere in rural South V am, we have observed large areas of severe
1 i provinees of Tay Ninh, Long Khanh, Gia Dinh, Hau Nghia,
Binh Duong, Quang i, Quang Tin, and Quang Nam. We have been told about
similar areas in Kien 1z, An Xuyen, and Quang Tri. No type of habitat
seems to be spared, including forests and swamps, fields and paddies. Many
severely er: '.- fized areas—such as the so-called free-fire zones, free-bomb zones,
or specifie te zones—were formerly inhabited and farmed. Such regions of
|r|| yort L mi activity as War Zones 1id D, the Iron Triangle, the Rung
and U Minh Special War Zones, the Demilitarized Zone, and the Ho Chi
inh Trail are among those regions that have been subjected to repeated satu-
ration o ttern bombing.

What is this unp recedented bombardment doing to Vietnam and its people?
In order Ake a [J[:.I....lfl Ay 088 ant of t ||| effects of these =-Xp’n.-‘-i\'l'-'.
Arthur H. Westing and [ visited Vietn in August 1071. In preparation for
our trip we ad might information from My sources on efiects of bomb
craters re 4 fr 3441 iI.i':]':l:‘\' :|-"!i\';1‘f:--‘ ot e un able to i:‘lll any .~".:,'|'l‘.'
informatio ;

We flew over 1ibed areas in helicopters and rode in armore rsonnel car
to observe at f ne : 1 : kes, We interviewed in the
Vietnamese who were trying to reclaim bombed land, Vietnamese 1
who were I ing in f;nlnlnul and shelled areas, and several Vietnamese
American off

In order to 1 the magnitude of y DI i it 18 necessa to have some idea
of the number of hombs dropped and the amount of territory affected. Earli
studies have presented data which suggest that some 7.5 million craters have




been formed as a result of the massive hbombardment. Although we estimate that
the current ire for South Vietnam is in excess of 10 million, we are currently
awaiting Department of Defense data rify this figure.

The standard weapon of the B- is a 500-pound bomb; each B-52 carries
108 five-hundred pound bombs. Eac || bomb produces a hole 20 to 50 feet wide
and 5 to 20 feet deep, depending on s0il conditions. The bombs are usually dropped
from over 30,000 feet by the B-52 raft and can have suflicient force on impact
to peneirate deeply into eertain types of soil.

Severely bombed areas observed on our trip included the following land types:
heavily cultivated areas of the Mekong Delta, intensively cultivated mountain
valleys in the northern region of Vietnam, mangrove forests, evergreen hardwood
forests of the flat terraces northwest of S: aAlgon, and 1\1'["1““ ]illtl\u\rnll forests
of the precipitous mountain areas in the Da Nang-Quang N

Because of the war situation at the time of our visit, we were 'Illl.ihll' to fly over,
even al high altitude, the most intensively bombed regions of South Vietnam
which lie in the northwest eorner of the eountry and along the Demilitarized Zone.
We were also very disappointed to find that security [Jlrlln]I'I'nS made it very
difficult to visit on foot bombed areas in all of the regions that we attempted to
study. It is important to note that there are areas of South Vietnam, particularly
in the delta region, that do not reveal, at least from the air at 3,000 feet, much
evidence of war damage. Large areas, however, have been hit very intensively by
several types of ecologically devastating weapons.

What are the effects of the massive bombardments on cultivated areas such as
the Mekong Delta? Our observations made both in wet and (on previous visits)
dry seasons show that in the delta the B-52 eraters and those caused by large
artillery shells are permanently filled with water, probably because the eraters
penetrate the water table. In many areas waters of different colors fill adjacent
craters. Some of the waters in the craters are aquamarine while others have a
more bluish to greenish tint, and many are simply a muddy brown. These dif-
ferences in coloration are apparently due to growths of varying types of algae.
It is interesting that different growths oceurred in contiguous craters,

I was able to visit on foot three such craters in an agricultural area about 30
miles south of My Tho in the heart of the Mekong Delta. The ar ear the hamlet
of Hoi Son, had been a free-fire zone until fairly recently, but f. NEFS WEre now
being resettled on their land because senior officials considered the region relatively
secure. The degree of security became evident: During my stay in the area U.S
aireraft were rocketing and strafing only a few miles away. I interviewed some
families who had left the area eleven years ago because of the fighting. They took
me to three eraters made in 1967, I would estimate that they were caused by 500-
pound bombs dropped by fighter bombers. Each crater was about 30 feet in
diameter, filled with water and, at the time of my visit, about 5 feet deep in the
center, as proven by one of my guides. He waded into the center of the crater
where he could just manage to keep his nose above water while standing. The
entire immediate vicinity had been a rice paddie; the rice had been re
very tall reed (6 to 8 feet), genus Phragmites, which surr led the ere
distance of 10 to 20 feet. Growing from the rim of the cr and into the reeds
was a species of relatively short grass, genus Brachiaria. A taller grass, Scirpus,
was also prevalent. The whole area was inundated by very shallow water, as it was
the middle of the wet season. The farmers were grow '« rice near the craters
and were plowing under the reeds and grasses in preparation for planting rice.
It. was obvious that they eould not use the cratered areas * rice cultivation,
because the water was much too deep. One solution to the problem is to bring in
.~'Hi| l‘l'l'l.'J l-]ﬂ-\\'lh-rv. _\]1!\-"1'.‘.\}1 f l'-li]ll[ not confirm i1. one f.‘xl'l:nl'l‘ H:lill 1|!:1I the
craters [ observed ‘\'il'hli'rf exceptionally good fish catehes, The fish ]:l‘l'-'-ﬂ!l.\ill\
had moved into the craters during the monsoon flooding. Surrounding the area
that had been cultivated in rice were banana, coconut, and jackfruit trees. The
jackfruit was dead as a result of herbicides; the coconut trees were destroyed by
the bombing, leaving only bare stumps.

In our conversations with these and other farmers who were trying to resettle
their fought-over land, it became obvious that their main problem was the presence
of unexploded munitions in the areas. The Hoi Son people stated that within
the last few weeks three women had been killed and one badly wounded when
plows detonated unexploded weapons. We learned that mines in some resettled
areas have been cleared, but the 'runle «m of locating and neutr: |Imw' unexploded
ordnance before land is resettle :] is an urgent one. On several occasions we en-
countered the fear of unexploded munitions, which probal -’\ ,.1-vr11r-.'.~ for a
phenomenon we often observed from the air: fields with craters were usually not
being cultivated although nearby fields were. One farmer whom we interviewed
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stated that the people do not like to plow in the bombed areas because the shrapnel
in the dirt euts the buffalos’ hoofs, resulting in infection.
According to science spokesmen » U.S. Ageney for International Develop-
ment (usaip) and the Military J ance Command, Vietnam (Macv), bomb
i i as sources of freshwater for gation. In much of the
; 1 (salty) water floods cultivated lands at high
tides if it is not kept back by dikes. Thus, irrigation is necessary and freshwater
in the ers could be useful
Presumably the permanently water- illed erater areas of the delta region are
execellent breeding grounds for certain species of mosquitoes and other carri
{vectors) of disease. Those eraters not invaded by predaf
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and were s red at least every 100 feet
t aernss ¢ 5 to 10 or more feet deep. Tl
a4 . ¢ wrmed in eool, humid climat } 1
J (lavers). There were many generations of craters. Lhe most
recent ones were bare of vegetation but contained a little rain water at the
bhottom. In the older ones a few sj of grass, probably I'mperata, were sprouting
in the cer . (We & noted the begining of plant growth in the center
some of the r-filled eraters in the delta.) As the craters age the
grows radially, covering the bottom, and finally grows up the sides to meet
vines growing down from the peripheral vegetation. There is some filling of old
craters with soil washed down from the sides, but this is limited because old
craters completely covered with grass were still 5 to 10 feet deep. We did not
observe any broadleafed plants invading these holes.

We were able to learn something of the effects of saturation bombing and
artillery fire upon forest timber resources through interviews with loggers and saw-
mill operators and by inspection of damaged logs, mainly in the Ben Cat and
Chon Thanh areas. We also interviewed South Vietnam forestry officials about
the problems of utilizing bombed forest areas. These officials indicated that
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The basic tool of the landelearing operations in Vietnam is the 20-ton D-TE
Caterpillar tractor fitted with a massive 11-foot wide, 2.5- ton “ Rome plow"’
blade equipped with a special 3-foot splitting lance or “‘stinger,”’ and with 14 tons
of added armor. A very limited number of the even more immense D-9 tractors
are also in us More than twice the size nui weight of the D 7, each of these
machines is said to be the operational equal of several. The tractors are presently
organized into five companies of three platoons each, each company operating 30
or more tractors. Unofficially, the companies go under such names as Rome
Runners, Land Barons, and Jungle Eaters. These outfits bulldoze continuously
from ‘l..\\n to dusk, seven davs a week under what can only be described
spine-twis g and gut-wrenching (to s nothing of dangerous) conditions. No
tree appe to be too large and no jungle too dense to escape these powerful
machines in what must certainly be the most intense land-claring program known
to history.

The bulldozing began on a very small scale in 1965 and was devoted primarily
to the clearing of roadsides and other lines of communication in order to dis-
courage enemy ambushes. It was not until mid-1967 that the tractors were or-
ganized into small units. By the be -rmlmu" uf 1968, most of the major road systems
in the central half of South Vi Military Regions II and I11) bad alr :
been cleared. Although this mission still :nmmmm virtually all major roads in
the conntry have now been cleared for 300 to 600 feet or more on each side. These
swaths throughout forest and plantation are now a conspicuous feature of the
Vietnamese landscape. In some instances chemical herbicide treatment has helped
to maintain these strips in a treeless condition.

The employment of ssed tractors organized into companies for extensive
forest clearing began in 1968, and the pre m has expanded ever e. In its
primary mission of denying forest cover and sanetuary, the ‘‘ Rome plow’” appears
to be without equal. Effectiveness of the tractors is clearly superior to that of
aerial application of chemical antiplant agents. The devices are considered, for
example, to be playing an instrumental role in the attempt to “secure’’ the region
centered around Saigon (Military Region III). They are also of considerable im-
portance in the northern half of the country (Military Regions I and II). The {
has outfitted and is training two Vietnamese landelearing companies as one of the
facets of “*Vietnamization,

We were able to spend one ds ay in action with the 984th Landelearing Company,
which at the time was operating in the m||1h- sastern eorner of Tay Ninh province.
During our stay, the company was in the final stages of obleterating the Boi Lo
woods. More accurately, it was supplying the ecoup de grace to this longtime enemy
stronghold that prev l-|11~[\ had been treated at least once with herbicides, had
been subjected to s -tlu ation bombing from B-52 stratofortresses, and had also
been shelled by artill

We ,nlrlwi the outfit on its twenty-seventh day in the Boi Loi woods. During
the past 26 it had already seraped clean 6,037 acres. Several days more and this
job would be finished, permitting the 984th to move on to greener pastures.
Before this job, the men had eliminated the 9,000-acre Ho Bo woods in nearby
west-central Binh Duong provinee,

The Boi Loi woods was ene my te 1:111\!\ and we were :11:;|:[1|‘fl imn h\ |.|>11:‘l||111'1
We accompanied one of the platoon commanders in his armored personnel earrier
and were flanked by several Sheridan tanks of the Eleventh Armored Cavalry.
Although we had no contact with the enemy that day and hit no landmines, we
were informed that both were regular oceurences. In the past 26 days, for example,
several enemy attacks had been repulsed and the tractors had set off no less than
37 mines in the course of their work. (Seven easualties from landmines had been
sustained during this period.)

In operation, the tractors were strung out in a long staggered formation, the
lead tractor being directed for much of the time by the company commander
cire lm" overhead in a small helicopter. The large number of bomb craters made the
Juh of maneuvering the large tracked vehieles most diffieult. The heat was oppres-
sive (hovering around 130 degrees F. in the tractor eabs) and the work was truly
arduous. But the morale of the men seemed very high, despite their fifteen- hour
work days, seven days a week, wet season and dry, The company was proud of its
abilities and t::na;mh hme :1I~ and, we are told, was among the rare units in
Vietnam \\Llh-rn- a :lln.u problem.

At the time of our visit, the unbulldozed terrain was covered largly by a tangle
of head-high, broad-leafed brushy plants and vines intermingled with I'mperala

rass and shrubby bamboos. Of the scattered trees, more than half were dead.

he plow blades were set to skim the surface, each tractor scraping bare almost an
acre per hour. The big trees came crashing to the ground with great regularity.
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Most were simply pushed over, but the really large ones were first split by the
stinger.

The terrain was flat a.nl the soil a heavy grey p ntlxuhv so that neither erosion
nor laterization (hardening of soils to a brick-like substance) are likely to be
problems here. In view of available seed (or other re productive plant parts) and
shadeless conditions, this area is likely to be quickly dominated by a combination
of Imperala grass and shrubby bamboos, thereby largely precluding reforestation
for years (perhaps decades) to come. In other areas we inspected in Binh Duong
province that had been bulldozed two or three irs previously, by far the most
prevalent vegetation was the worthless and pernicious weed Imperata. Indeed, of
the thousands of acres of formerly bulldozed areas that we were able to see on
this and our previous visits, there was only one area where forest trees (a com-
mercially low-grade species of Dipterocarpus) were recolonizing naturally. Where
bulldozing is done in more hilly terrain, erosion can become a severe liability.
Moreover, with the elimination of the enormous water-holding capacity of an
extant forest, the heavy rains characteristic of Vietnam can produce severe flood
damage. We learned of one devastating flash flood in a recently bulldozed area
in Khanh Hoa provinee.

It cannot be denied that there are advantages to the bulldozing, given the
conditions of this grim war. First, bulldozing largely clears areas of landmines,
an ever-present horror throughout much of Vietnam to all who attempt to re-
utilize a war-visited area. (One Vietnamese whom we came to know has so far lost
six relatives to mines left behind by one side or the other.) Secondly, some of the
timber can subsequently be salvaged, particularly for firewood and charcoal
manufacture, Thirdly, some of the bulldozed lands in “secure’’ areas have been
taken over for agricultural purs although this is often not feasible even in
such areas beeause of extensive craterization by explosives. Farming is particularly
evident in the roadside strips near population centers. A small fraction of the
clearing by bulldozers is actually said to be done with subsequent resettlement
or agricultural pursuits in mind (see, for example, New York Times, July 15, 1971,
Yiigh,

Julldozing has, according to official military sources, leveled over 750,000
acres to date. 1 estimate that clearing continues at a rate of more than 1,000
acres per day. Because I was unable to obtain a breakdown of land and land use
categories that have fallen to the relentless bulldozers, it is difficult to estimate
the overall economie loss that can be attributed to these operations. However,
some partial indications can be presented. With respect to the timber resource,
the South Vietnamese forest service has determined that at least 126,000 acres of
irrilnl' timber lands accessible to lumber n]n'r:llitm‘i have heen 1|!‘:‘-'|l'lll\'('li [}]]'Htl.;.!_]l
1970, together with an estimated twenty million board feet of marketable tropical
hardwood timber. At rec Saigon market values, averaging about $72 per
thousand board feet, this amounts to a loss of $14.7 million. To this sum must be
added a future loss due to destruetion of growing stock. With respect to the rubber
resource, the French rubber interests in South Vietnam have determined that
substantially more than 2,500 aecres of producing rubber trees (representing
just over 1 percent of South Vietnam's total rubber) have so far been destroyed by
bulldozers There are about 120 rubber trees per acre, with an average value of
$88 per tree. Total loss here can thus be estimated to exceed $26.4 million. (I might
add that to the consternation of the French owners, they have received no
:-cl:ln;u‘l:*.'l.[il'nh.‘

There are, of course, many other losses attributable to the bulldozer program,
most of which are impossible to quantify. Among them can be listed site degr:
tion, erosion, weed invasion, destruction of wildlife habitat, flood damag
miscellaneous property loss. One recent press report from western Hau Nghia
province tells of the obliteration by bulldozers uf a still Irnrtull\ inhabited
flrmlti" region and the consequent disruptive impact ( y York Times \l 7
l' 71, p. 5). Even whole villages have been obliterate :i _\'-,-r.-'uu, Oet. ',i’-s,

). I]l-n-ull\n- with professional Vietnamese foresters revealed vet another
h: adache connected with the landeclearing operations. In its nationwide forest
conservation program, the South Vietnamese forest service issues timber-cutting
permits on a _[tlti :Nrn~l\ restricted basis. However, corrupt provinee chiefs have,
during the past year or so, come to realize that a denied local eutting permit can
often be circumvented by turning to the Vietnamese Defense Dej nt and,
for pretended reasons of military necessity, request that the area be designated for
bulldozing. If the request is !’I"mtl »«(d, the chiefs can then cut the timber for personal
profit. Finally, another use of the bulldozers results in a small amount of additional
.nul unnecessary damage. In their lighter moments the engincers occasionally
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the official daily, weekly, or monthly war news summaries. One senior Seventh
Air Foree officer explained to us, ““they have such a devastating effect that we hate
to give them much publicity.”

The Commando Vault 7.5 ton bombs provide just one more means by which we
casually rearrange the environment of Indochina with little if any concern about
cither the immediate or the long-term impaect on the ecology of the area. I am
painfully aware of how little in the way of biological data this report contains, but
in providing the first detailed account of tl new, indiscriminately wide-area
weapon for the open literature, I hope that it will stimulate the necessary wildlife
and other ecological studies as conditions permit.

ApprtTioNaL REmarks By ConcreEssMAN GiLBeERT Gupe REGARDING S,

OcroBER 6, 1972,
Senator CramsorNe PELL,
Chairman, Oceans and International Environment Subcommaillee of the Senate Foreign
Relations Committee, Washington, D.C.

Dear Mr. Caamsman: I subseribe to the general thrust of 3. Res. 281. However,
I would like to make a few qualifying remarks.

First, it should be recognized that some environmental we 3 [lﬂ'h!]iqllua
inevitably will be developed in the course of legitimate civilian rese:
article I (2) has a built-in vagueness when seeking “to apply to any research or
experimentation relating to the development of any such activity as a weapon of
war.”” It appears that any Treaty must rest more on political and moral commit-
ments not to use or exploit new technologies than on an attempt to stop partie-
'HL'I'[' [‘(’."'l"'!'['('h :lfl.'! ll"\‘l'lll]”'lll'[l] ]i' ams.

Second, in view of the possibi for unauthorized use of environmental war-
fare techniques, the use of such practices by non-signatory nations, or questions
arising from the “non-military’ use of environmental modification activity, I
think it would be prudent to:

(a) Establish an international scientific monitoring and investigatory commis-

m to determine the extent of any claimed environmental damage relating to

military geophysical modification activities;

(b) Make provision for the body of data colleeted by the commission to be
released, if desired by the prineiples, to the International Court of Justice for
advisory or bindi judgement on the merits of the case.

Third, I believe that the phr “as a weapon of war’ must be more clearly
defined so that there is as precise a distinetion as possible between legitimate
civilian research and prohibited tary research. We must be eareful not to

inhibit the justifiable and promising environmental research now being conducted
by eivilian seientists world-wide.

Fourth, I question whether S. Res. 281 adequately deals with the problem of
isolated safety and defensive weather modification activities in quasi-military
situations. For example, would 8 3. 281 prohibit the dispersal of fog at a
military airport in order to land military or civilian aircraft? It is my belief that
such techniques make sense and save lives but there is no allowance in the Treaty
for such activities.

These remarks should not be construed as being overly eritical of S. Res. 281.
On the contrary, I applaud your leadership in this field and encourage you to press
forward with determination.

With best regards,
GiLBerT GupE, Member of Congress.

[GEOPHYSICAL WARFARE]
How To Wreck THE ENVvIiRONMENT*
(By Gordon J. F. MacDonald, United States)

Professor MacDonald is associate director of (-}]t_' Institute of Geophysics and

t
Planetary Physics at the University of Californian, Los Angeles. His researches
have embraced a remarkable diversity of natural phenomensa, and his pro-

eace Comes,” 1 Calder, Ed., The Viking Pr w York City, 1968,
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fe further extended by his participation in nationa

seience poli naking, He is a member of President Johnson’s Seience Advisory

Committee

Among future means of obtaining national objectives by foree, one possibility
hinges on man's ability to control and manipulate the environment of his planet.
When achieved, this power over his environment will provide man with a new
force capable of doing great and indiseriminate damage. Our present primitive
understanding of deliberate environmental change makes it difficult to imagine
a world in wl yphysieal warfare is practiced. Sueh a world might be one
in which nueclear weapons were effectively banned and the weapons of mass
destruetion were those of environmental catastrophe. Alternatively, 1 can envisage
a world of nuelear stability resulting from parity in such weapons, rendered
unstable by the development by one tion of an advanced technology capable
of modifying the earth’'s environment., Or geophysical weapons may be part of
each nation’s armory. As I will argue, these weapons are peculiarly suited for
govert or see Wars.

Science-fiction literature contains many suggestions of how wars would progress
if man indeed possessed the ability to change weather, climate, or ocean ci 1=,
Many of the fictional suggestions, and other more serious discussions, fail to
take into aceount the limitati nature. Jules Verne gave a detailed discussion
of displacing the earth’s polar . thus making the world's elimatic zones more
equit ble (Les !Iru,ur_m-.- raordinaires: Sans Dessus Dessous, Metzel, 1889).
Verne's proposal was to eliminate the twenty-three-degree tilt in the earth’s axis,
putting it at right angles to the sun-earth plane. However, as Verne correctly
pointed out in a subsequent discussion, the earth’s equatorial bulge stabilizes our
planet, and even the launching of a 180,000-ton projectile would produce a dis-

ement of "I"I;\. one-tenth of & micron. Senator Estes Kn'f:l:;\l'l‘, Vice-Presiden-

| candidate in the 1956 American election, rediscovered Verne's original pro-
posal and was seriously concerned with the tipping of the earth’s axis. He reported
that the earth’s axis could, as the result of an H-bomb explosion, be displaced by
ten degrees. Either Senator Kefauver or his scientific advisers neglected the
stabilizing influence of the earth’s bulge. The maximum displacement that ean
be expeeted from the explosion of a one-hundred-megaton H-weapon is less than

» micron, as Walter Munk and 1 pointed out in our book, Rotation of the Earth

ibridge University Press, New York, 1960).

Substantial pre ss within the environmental sciences is slowly overcoming
the gap between f and fiction regarding manipulations of the earth’s physical
environment. As these manipulations become possible, history shows that attempts
may be made to use them in support of national ambitions. To consider the
consequences of environmental modification in struggles among nations, we
need to consider the present state of the subject and how lrlr.\rlll-l-'l'li dev opmenis
in the field could lead, ten to fifty yvears from now, to weapons systems that would
use nature in new and perhaps unexpected ways

'he key to geophysical warfare is the identification of the environmental
instabilities to which the addition of a small amount of energy would r S
vastly greater amounts of energy. Environmental instability a situation in
which nature has stored energy in some part of the earth or its surroundings
far in excess of that which is usual. To trigger this instability the required energ
might be introduced violently by explosions or gently by small bits of mater
able to induce rapid changes by scting as catalysts or nucleating agents, The
mechanism for end storage might be the accumulation of strain over hundreds
of millions of years in the solid earth, or the supercooling of water vapor in the
atmosphere by updrafts taking place over a few tens of minutes, Effects of releasing
this energy could be worldwide, as in the case of altering climate, or regional,
as in the case of locally excited earthquakes or enha ed precipitation.

\VTHER MODIFICATION
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wdificati tesults could be achieved, however, by working on the instabilities
in the atmospher

We are now beginning to understand several kinds of instabilities in the atmos-
phere. Bupereooled water droplets cold clouds unstable, but they remain
unless supplied with nuelei on which they can
e, Conver L O ater oplets to irongh the introduction of artificial
M proy r ree of en ¥ I'his released hes se rising air
mibs, to further formation of super I water. This
proeess mav lead to rainfall at the ground greater than that which would have been
produced without the artificial nucleation. A second ii:~l:liai”=‘ may arise, in whieh
water vapor condenses |||lﬂ- waLe a i ]|-I||fn1'l"ll of sensibl
. On a larger scale, i -I . baroclinie instability of atmospheric
at girdle the pl 1 alance of tween equator and
y in this insts k - creation of 1|r---
storms in the \perate zones, ere are I well understood

ies ("L:l:till-'-ll affecting elimnate; I shall return to 5‘..' m later
situation wit et to weather modification and what

|-||||ullru| st1bs Lis sriods of time

is the present

might be reasonably expected in the i ture? Experiments over the past cighteen
vears have demon: d unequivocally that clouds composed of supercooled

water droplets can be transformed into ice-crystal clouds by seeding them with
silver iodide, “dry ice” (frozen carbon dioxide), and other suitable chemical
agents. This discovery has been applied operationally in the elearance of airports
covered by supercooled ground fi No analogous technigue haz vet evolved for
clearing warm fi ilthough seve promising leads are now being inve ted
In the case of w y fog, the atmospherie instability is that water vapor distributed
small drops aing more surface energy than the same water distributed i
f this warm fog will be to diseover some way
themselves into larger ones and then fall

imn
large drops. The trick for clearanee o
of getting the small drops to organize
to the £ ound.

There is increasing, though inconelusive, evidenee that rainfall from some
types of elouds and storm systems in temperate regions ¢ e inereased by ten
1o fifteen per cent |'." seeding. Somewhat more controversial evidence indicates
that precipitation be increased f 1 tropical enmulus by techniques simil
to those er ye I nperate r Preliminary experiments on hurricanes
have the aim of dissipating the clouds surrounding the eye of the storm in order
o -]:r--;u{ the energy f the hurricane .|T|I| reduce ils foree, The results are
troversial but indicate that seeding ean, in certain circumstanees, lead to a ma
growth in the seeded eloud. This possiblity may have merit in hurricane modifica-
tion, but experimentation has not vet resulted in a definitive statement

Regarding the suppression of lightning, there is mixed but largely promising
evidence that the frequeney of elould-t« ound strokes ean be reduced by the
introduetion of “ehafl” strips of metallie foil of the kind used for creating spurious
echoes in enemy radars

In looking to the future, it is quite clear that substantial advanees will be made
in all of these areas of weather modification. Today, both military and eivilian
air transport benefit fron n | ereas in the elearance of ground fog. Further prog
ress in the technol adueing the seeding agent into the fog makes it likely
that this type of lispersal will become routine. In a sense, fog clearing is the
first military applicatio f deliberate manipulation of weather, but it

is, of
course, very limited.
1 ield programs are being unde «n in the United States to explore
further the possibility of enhanecing precipitation, partieularly in the western
and northeastern states. On the high ground of the western states, snow from
inter storms provides much of the country's moisture. Investigations are under
see if seeding can lead to an increased snowpack and thus enhanee the
esources, Intense interest in this form of weather modifieation, eoupled
increased investigation of the physies of clouds, is likely to lead to effec
| modification within the nest five to fifteen years. At |:r\ sent the effects
sured only statistically, and too little has been done in cloud observ: ation
wd after seeding in the way of precisely pinpointing which clouds are most
to be af ted

lhliii."'_'\ :l|'|||; tions are |'--‘.|i'l'l‘.|l't|._ 1 l'erl!j\' ture that |I|'r'i'Jili!.l|inIl
it would have ¢ ited value in elassieal tactical situations, and then
» future when co are re thoroughly understood. One could, for
wmgine field commanders ing for loeal enhancement of precipitation

er or impede ground operations. An alternative use of eloud seedii
be applied stra ly. We are presently uncertain about the effect of
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seeding on precipitation down wind from the sceded glouds. Preliminary analysis
suggests that there is no offect 200-300 miles down wind, but that continued
seeding over a long streteh of drv land clearly could remove sufficient moisture to
prevent rain 1000 miles down wind. This extended effect leads to the possibility
of eovertly removing moisture from the atmosphere so that a nation dependent
on water vapor crossing a competitor country could be subjected to years of
drought. The operation could be concealed by the statistical irregularity of the
atmosphere. A nation possessing superior technology
tion eould damage an adversary without revealing its intent.

Madifieation of storms, too, eould have ma tratecie implications. Az 1 have
mentioned, preliminary experiments have been carried out on the seeding of
hurricanes. The dynamies of hurricanes and the mechanism by which energy is
transferred from the ocean into the atmosphere supporting the hurricane are
poorly understood. Yet various schemes for both dissipation and steering can be
imagined. Although hurricanes originate in tropieal regions, they can travel into
temperate latitudes, as the residents of New England know only too well. A
eontrolled hurricane could be used as a weapon 0 terrorize
sithstantial parts of the populated world.

It is generally supposed that a hurrieane draws most of its energy from the
yrocess of heat transfer depends on wave
a volume of water. This

in environmental manipula

opponents over

over whieh it passes. The necessary |
action that permits the air to come in contact with
interaction between the air and water also stirs the upper layers of the atmosphere
and permits the hurricane to draw on a substantially larger reservoir of heat than
just the warm surface water. There may be wavs, using monomolecular films of
materials like those developed for covering reservoirs to reduce evaporation, for
decreasing the local interaction between sea and air and thus preventing the
ocean from providing energy to the hurricane in an aceelerated fashion. Such a
procedure, coupled with secleetive seeding, might provide hurricane guidance
mechanisms. At present we are a long way from having the basie data and under-
standing necessary to carry out such experiments; nevertheless, the long-term
f developing and applying such technigues under the cover of nature’s
3 presents a disquieting prospect.

CLIMATE MODIFICATION

In eonsidering whether or not climate modification is ||I|--i|||r'_ it 18 useful to
examine climate variations under natural conditions. Firm geological evidenee
exists of a long sequence of Ice Ages, in the relatively recent past, which shows
that the world’s climate has been in a state of slow evolution. There i
reological, archacological, and historieal evidence for a patiern of smaller, more
rapid fluctuations superimposed on the slow evolutionary change. For example, in
Kurope the elimate of the early period following the last Tee Age was continental,
with hot summers and cold winters. In the sixth millennium B.C., there was a
change to a warm humid elimate with a mean temperature of five degrees Fahren-
heit higher than at present and a heavy rainfall that eaused considerable growth
of peat, This period, known as a climatic optimum, was aecentusted in Seandinavia
hv a land subsidence that permitted a greater influx of warm Atlantie water into
the large Baltic Sea.

The climatiec optimum was peculiar. While on the whole there was a very gradual
deerease of rainfall, the decresse was interrupted by long droughts during which
the surface peat dried. This fluctuation occurred several fimes, the main dry
periods being from 2000 to 1900, 1200 to 1000, and 700 to 500 w.c. The last, a dry
heat wave lasting approximately 200 years, was the besi developed. The drought,
though not sufficiently intense to interrupt the steady development of forests,
did cause extensive m ions of peoples from drier to welter gions.

A change to colder and wetter conditions occeurred in Europe about
and was by far the greatest and most abrupt alteration in climate sinee the end
of the last Tee Age. 1t had a eatastrophic effect on the early eivilization of [urope
large areas of forest were killed by the rapid growth of peat, and the levels of the
Alpine lakes rose suddenly, flooding many of the lake settlements., This climatic
chax did not last long; by the | ing of the Christian e conditions did not
differ greatly from current ones. Sinee then climatie variations have continued to
oeenr. and although none has been as dramatic as that of 500 w.c., perturbation
known as the little ice age of the seventeenth century is a re noteworthy
example. The cause of these historieal changes in climate remains shrouded in
mystery. The rapid changes of climate in the past t to many that there
exist instabilities affecting the balance of solar radiation.

also oood

SO0 1.




Indeed, climate is primarily determined by the balanee between the incoming
short wave from the sun (prineipally light) and the loss of outgoing long-wave
radiation (principally heat).

Three factors dominate the balance: the energy of the sun, the surface character
of terrestrial regions (water, ice, vegetation, desert, ete.), and the transparency of
the earth’s atmosphere to different forms of radiated energy. In the last connection,
the effect of elouds in making cool days and relatively warm 1
familiar experience. But clouds are a manifestation rather r
terminant of weather and elimate; of more fundamental signific ' t effect
of gases in the atmosphere, which absorb much of the tion in transit from the
sun to the earth or from the earth into space. Intense X-rays and ultraviolet from
the sun, together with high-energy atomic particles, are arrested in the upper
atmosphere. Only the narrow band of visible light and some short radio waves
traverse the atmosphere without serious in terruption.

'here has been mue I. controversy in recent vears about
offects on the world’s mate of emi ms= of carbon dioxide
from furnaces a ines burning l'-»nlr fuels, and some about po )
of the exhaust from large roc < on the transparency of the upper
Carbon dioxide placed in the atmosphere sinee the start of the ind
has produced an ine 1 the s g temperature of the lower
few tenths of a degi 1 he i'fu- water vapor that may be
the stratosphere by the supersonie transport may also result in
ture rise. In principle it would be feasible to introduce material into the
:l'-lll"‘;rhl'l'l' that would absorb either incoming light (thereby eooling the s

er of

or outgoing heat (thereby warming the surface). In practice, in the rarefi
\\ll]li swept upper atmosphere, the material would disperse rather quickly, so that
ry use of such a technigue would probably rely upon global rather than loeal
t Moreover, molecular material will tend to di ompose, and even elemental
winls will eventa be lost by diffusion into space or precipitation to the
At intermediate levels, i ~1r'.-\.!-u~1 yhere, materials may tend to acenmu-
h the mixing time for this part of the atmosphere is certainly less than
s and may be a few months, 1f & n’s meteorolog
2 al warming or cooling of the earth was in their nation
their elimate while worsening others, the temptation (o release
high-altitude rockets might exist. At present we know took little al
doxical effects of warming and cooling, however, to tell what the outeome might
\J-'i'- sudden, perhaps ||1\1:l briefer but neverthe disastrous, effects
edictable if chemical or physieal means were developed for attacking one of the
.IIIJI il constituents of the atmosphere—oz me. A low eond n of n.mn
O, a rare molecular form of oxygen) in a l ven fifte
altitude has the utmost sig nee for life on l i. It is respol
the greater part of the ultraviolet from the sun. In mild doses, this rad
sunburn; if the full foree « were experienced [
ineluding farm crops and herds 1 ol nod ke shelter.
i= replenishe , but a tempe v “hole’ in the ozone laver over
might ated hy=ical or chemieal actic For example, ultra
.;|.||n|. TONS length decomposes ozone molecules, and ozone
a wide rt ge f mater 3.
»ean only tentatively speculate about difying the short-wavs
{ source, the sun. We have discovered 1 instabilities on the
sun’s surface that :||L'.:J:1 be manipulated manv v ence. In a solar flare, for
example F[I" mega of energy are stored in distorted magnetic fields. With
advanes d tec |.1|'rrl.i s of |‘ll‘u hing rockets and set off i||<-| explosions, we may
sometime in the future learn to trig ir . For the near future,
however, maodifieation will not be in the : L-wi incoming radiation but in
the long-wave outgoing radiation.

The usual schemes for modify dimate i Ive the manipulation of large ie
fields, The persistence of 3 ¢ i e 3 due to the « r effects of the ice
itsell, h in reflecting (r: n absorb incoming s twave radiation
and in |:nii-:i1|-- hes a higher » than the usual ground eover. A commonly
suggested f elimate modifie: involves thin s s of colored material
spread on an i ee, thus inhibiting both the refleetion and radiation processes,
melting the , and thereby alt he elimate. Such a proee [

i diffi %, For example, if one wished to cre
one mieron thickness to cover a square 1000 kilometers
the total material for this extr Ay thin coating would weigh a million
tons or more, depending upon its density, So the proposals to dust from the air
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some of the globe’s extended ice sheets are unrealistic and refleet a brute-foree
technique, taki 10 advantage of instabilities within the environment.

Althe i he technologically difficult to change an ice cap’s surface
character, and thus its thermal p wperties, it may be i;n.ﬂ;hll' to move the ice,
taking into account the _r'.t\it: 'lllll st ||u|;|' of ice caps. The gravitational
potential energy -.1’ water as a thick, high ice eap is much greater than it would be
at sea i='\r| This fact makes it possible, at least in principle, to devise schemes for

ut i ruiMl.l tion in the ice, Indeed, A. T. Wilson has proposed a
11|!---1\ for the Ice : 1!unll|1\ instability,
main points of Wilson's 1 = follows
Ant iea i= covered by an ice J '\I'I-il kilometers thick. Pressure at the
wttom of the 1ee 18 gres -"JJ-.I|I‘_',.'I LO |-ir'l-j'i||l- ice at or near its melting |'<'.I|l| y water
an unusual material in that a pressure increase lowers rather than raises its
|1||--'m1r|| An increase in kness of the weet could result in melting at the
ol tom. o result mixture along the sole of the glacier would permit
flow by oeess of freezing and melting—a flow process much more effective than
ordinary plastie flow.
[ h an instabilityv occurs, the ice sheet will low out onto the surrounding
ice shell will be formed between Antarctica and the ocean around
it. As s mee, short-wave solar radiation will be reflected, and there will be
enhaneed loss of | vt by radia ‘Jnn it the JIIII'_'_ wiave |-'I|'.',lh-. causing 1'm-|iil'.: and
the inducement of wlll wide glaciation.
[ ovean, it will begin to melt and -"\"Illll'l”_\ will be
and will be much thinner than before. As the re-
v deereases with the melting of the Antaretic
arm n, i'-nl'r'l"lulﬂlllll_'..'. to the start of an
vill slowly form again.
mmenting on 's theory, J. T. [i-niiin||:.-'l'-nl1-|i;I:n-[.\nwjhili'-.\ of a catas-
o surge or advance of the " i, such as has been recorded from small
rs on numerous oceasions. The largest surge vet reported is probably that of
cap in Spitshe T, W | e ]u advanced up to twenty-one kilometers on a front
hirty kilometers -<.\||u: ime between 19 ind 1938, There are also reports of
al advances at s ed= up to one hundre meiers per l.I Y. ”HI]H[ .‘-Eh't'lli.’lh"-
once the bottom-melting phase of a gravitationally unstable ice cap is reached
| move quickly. In addition to trapped geothermal heat melting the ice at the
hottom, there are additional eontributions from frictional heat generated as the
glaeier serapes along the solid ground.

I the H]?Il’]ll. ve 1||r'n|“\ of \\jl---nn i2 correct -.-::1-’! there are many attractive

fures it), then a mechanism does exist for eatastrophically altering the

th's elimate. The release of ther mnergy, perhaps through nuclear explosions
along the base of an ice sheet, could initiate outward sliding of the ice sheet which
would then be s ine vitational energyv. One megaton of energy is suffi-
cient to melt : 1 ion tons of ice. One hundred megatons of energy
would convert 0.1 ee into a thin laver of water covering the entire Ant-
wretie ice WOSECT wounts of r-:n'l‘_"_\._ suitably placed could undoubtedly
initiate the outward flow of the ice.

What would be the conse |1':|f nees of such an operation? T immediate effect
of this vast quantity of ice ing into the water, if velocities of one hundred
meters per iy are appropriate, wol ild be to ereate massive tsunamis (tidal
waves) that would completely wreek coastal regions even in the Northern Hemi-
<phere. There would then follow marked changes in elimate brought about by the
suddenly changed refleetiv of the earth. At a rate of one hundred meters per
day, the center of the ice sheet, would reach the land’s e in forty vears.

Who would stand to benefit from sueh application? logical eandidate
would be a landlocked equatorial country. An extended glacial period would
insure near-Arctic conditi over much of the temperate zone, but temperate
climate with abundant rainfall would be the rule in the present tropical regions.

FUTURE OF WEATHER AND CLIMATE MODRIFICATION

g perhaps represents a more positive view of weather and elimate

han that held by many earth seientists, I believe this view is justified

is based on three scientific and techno al advances, First, understanding

ic meteorology has advanced to such an extent that mathematical models

of the atmosphere here have been d weloped incorporating the most important

elements. Physical processes in clouds, in turbulent exchanges at the surface, and
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in transmission of radiation through the atmosphere are no longer as mysterious
as they onee were. The volumes simulated by the models range from the size of a
single cloud to the entire atmosphere; these models are no longer primitive
representations,

Secondly, the advent of high-speed computers enables atmospheric models
to be studied in greater detail. These computers have a peculiar importance to
weather modification, since they will enable scientists to carry out extended
experiments to test whether or not various schemes for manipulating the atmos-
phere are indeed possible and what the outeome should be.

The third advanee lending support to expectations for weather and climate
modification is the new array of instruments de \|'|U]n d to observe and detect
changes in the atmosphere. The most dramatic and |nrl|.|]'~ the most powerful
is the meteorological satellite, which provides a platform whenee the atmosphere
ean be observed, not only in geographically inaccessible regions, but also with
entirely new physical measurements. For example, meteorological satellites of
the future will permit the determination of humidity, temperature, and pressure
as averaged over substantial volumes of the atmosphere, providing guantities
that are needed to develop the mathematical models. Sophisticated surface
instrumentation, for observing detailed processes within smaller parts of the
atmosphere, provides ug with far more powerful tools with which to look at elouds
and at the interaction of the atmosphere with its boundaries than those which
were available ten or twenty vears ago.

HTHQUAKE MODIFICATION

Wb ecauses --:L|'1||11|1:s|;r--'_’ Over geologieal time, the irregular distributi 0
heat-producing radioactive elements in the rock layvers gives rise to subsurface
temperature differences between various parts of the eartli. In the continent
eranites and similar rocks have coneentrated radio: n<||\| elements near the surface;
no similar coneentration has n |,| in the subod nie regions, whie B
re=ult be more than one hundre 1| degrees centigrade cooler than the corresp n!u|.|l
subeontinental regions. Such variations in temperature along a horizontal line,
due to the differences in the vertieal distribution of heat-producing elements, give
rise to l: thermal stresses, causing strain anaslogous to that which cracks a
glass tumbler filled with hot water. The strain tends to be greatest in regions of
abrupt temperature change along a horizontal Jine through the earth’s erust. The
strain may be |J:|‘.'1i:1[i\ relieved by the slow convective flow of material in the deep
earth which is thonght by some geophysicists to push continents about. But
strain ean also be relieved by il.\l'|l fracture by movemaoents & [Hrevi
anlts in rocks near the surface. Movement r o fault radintes ener outward,
which results inane ;'an:nu taeh roximately 200 megatons of strai
energy is released in this fashion, » 1 t earthoual COrTe ].--mfll!u_ln-lln' \
of the order of 100 e gatons, The energy > wends on Ill! volhime of material
affected. The largest earthquakes take place alon Its having a linear dimension
of 1000 kilometers, whe 1= =maller ones take ! along faults of one kilemeter

less,

Major earthquakes tend to be located along o meain belts, One belt, along
which about eighty-five pereent of the al en vois released, passes around the
Pacific and affeets eountriex whose ¢ tlines border this «

Japan and the west coast of North Ameriea. The <econd belt passes
Mediterranean regions eastward through Asia and joins the first belt in Ing
_]un: these two belts, large earthquakes oceur with varying frequencies.
'!]'rr1\|||i’ a large ' ce might be expected onee every fifty to one hundred
ars<, while Chile b e 't such a disturbance onee every ten to twenty years.
Sometimes major earthquakes have oceurred in regi inarily thought of as
being free from risk. For example, the Ne £ i mrthguake of 1811-1812
devastated a large arca of central North Ameriea but had only slight eultural
effects because of the area’s sparse

Today, our detailed understanding the mechanism that eauses an earthguake
and of how the related instabilities can be t I limited. Only within the
last few vears have serious discussions of earthguake prediction begun, whereas
maode ';Jtt-l_‘. reliable weather forecast ave been available about the last thirty
to fifty _\'.-:1|-=.(‘11r1||ri stantial effort is being made, lr|||1||\ by Japan and
the United States, to develop techniques for forecasting ea makes, These tech-
nigues are b 1 to a large exte on the determing n|-|.| of ch: |||I ing strain condi-
tions of mate s in the rocks surrounding recognized fault zones. Of possible
value iz the observation that before an earthquake the accumulating strain
accelerates.
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Control of earthquakes is a prospect even more distant than that of forecasting,
although two technigues have been suggested through recent experience.

I. In the course of the underground testing of nuclear weapons at the Nevada
test site, it was observed that an explosion apparently released local strain in the
carth. The hypothesis is that the swift build-up of strain due to the sudden
release of energy in an explosion discharges strain energy over a large volume
of material.

9 Another method of releasing strain energy has appeared from pumping of
underground water in the vieinity of Denver, Colorado, which has led to a series
of small earthquakes. The hypothesis here is that underground water has provided
loeal lubrieation permitting adjacent blocks to slip by one another.

The use as a weapon svstem of the strain energy instability within the solid
earth requires an effective triggering mechanism. A scheme for pumping water
spems elumsy and easily detectable. On the other hand, if the strain pattern in
the erust can h:-;n'n'ru'u]‘-l} determined, the ;Jh:lw-{! or timed release of e Y from
smaller faults, designed to trigger a large fault at some distance, could be contem-
plated. This timed release could be activated through small explosions and thus
it might be possible to use this release of energy stored in small faults at some
distance from a major fault to trigger that major fault. For example, the San
\ndreas fault zone, passing near Los Angeles and San Francisco, is part of the
ureat earthquake belt surroundin the Pacific. Good knowledge of the strain
within this belt might permit the setting off of the San Andreas zone by timed
explosions in the China Sea and Philippine Sea. In contrast with certain meteor-

ical operations, it would seem rather unlikely that such an attack could be
earried out covertlv under the guise of natural earthqua

MODIFICATION OF OCEANS

We are still in the very early stages of developing the theory and techniques for
predicting the state of the oceans. In the past two decades methods have been de-
vised for the prediction of surface waves and surface wind distribution. A warning
system for the tsunamis (tidal waves) |J|‘|r[i|ic'|'ii h_\ 1':H‘T[Nlil.'ll\'l“~' has also been de-

\z'!n|1|"l_

Certain currents within the oceans have been identified, but we do not yet know
what the variable components are; that is, what the weather within the ocean is.
Thus we have not been able to identify any instabilities within the oceanie cireu-
lation that might be easily manipulated. As in the case of the solid earth, we can
only speculate tentatively about how oceanic processes might be controlled.

One instability offering potential as a future weapon system is that associated
with tsunamis. These frequently originate from the slumping into the deep ocean
of loosely eonsolidated sediments and rocks perched on the continental shelf.
Movement of these sediments ean trigger the release of vast quantities of gravita-
tional energy, part of which is converted in the motion of the tsunami. For example,
if, along a 1000-kilometer edge of a continental shelf, a block 100 meters deep and
ten kilometers wide were dropped a distance of 100 meters, about 100 megatons of
energy would be released. This release would be catastrophic to any coastal nation.
How could it be achieved? A series of phased explosions, perhaps setting off natural
earthquakes, would be a most effective way. I could even speculate on planning a
anided tidal wave, where guidance is achieved by correctly shaping the source
which releases energy.

BRAIN WAVES AROUND THE WORLD?

At heights of forty to fifty kilometers above the earth’s surface substantial
numbers of charged particles are found which make this part of the atmosphere,
the ionosphere, a good conductor of electricity. The rocks and oceans are also more
condueting than the lower atmosphere. Thus, we live in an insulating atmosphere
between two .-:plll'l‘it'.'il condueting shells or, as the radio engineer would put it
in an earth-ionosphere ecavity, or wave guide. Radio waves striking either con-
ducting shell tend to be reflected back into the eavity, and this phenomenon is
what makes conventional long-distance radio communication possible. Only
recently, however, has there been any interest in natural electrical resonances
within the earth-ionosphere wave guide. Like any such cavity, the earth ionosphere
wave guide will tend to sustain radio oscillation at certain frequencies in prefer-
ence to others. These resonant frequencies are primarily determined by the size
of the earth and the speed of light, but the properties of the ionosphere modify
them to a certain extent. The lowest resonances begin at about eight eycles per
second, far below the frequencies ordinarily used for radioc communication.
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Because of their long wave length and small field strength, they are difficult to
detect. Moreover, they die down quickly, within one sixteenth of a second or so;
in engineering terms, the cavity has a short-time constant,

The natural resonant oseillatic are excited by lightning strokes, cloud-to-
ground strokes being a much more efficient source than horizontal cloud-to-cloud
discharges. On the average, about one hundred lightning strokes oceur each second
(primarily concentrated in the equatorial regions), : hat normally about six
lightning flashes are av ailable to introduce energyv before a particular oseillation
dies down. A typieal oscillation's field strength is of the order of 0.3 millivolts
per meter.

The power of the oseillations varies geographieally. For example, for a source
loecated on the l‘ltll.‘l]l!i' in Brazil the maximum intensitv of the oscillation is
near the source and at the opposite side of the earth (around Indonesia), The
ill.'[{-ljai'l_\' is I-r\\rr in ~lll- rmediate reglons .'u|[| lsl\\':'li'l'i lhr ]l"]|'~.

One can imagine several ways in which to inerease the intensity of such
electrical oscillationz. The number of lightning strokes per second could be
haneed by artificially increasing their original number. Substantial progress ha
been made in the understanding of the physics of lightning and of how it
might be controlled. The natural oscillations are excited by randomly oceurring
strokes. The excitation of timed strokes would enhance the efficieney with whic
cnergy is injected into an oseillation. Furthermore, the time constant of
oseillation would be doubled by a fourfold increase in the electri conductivits
of the irunrn];]u-]'a-, so that any scheme for enhanecing that conduecti v (for
example, by injecting readily ionized vapor) lowers the energy losses and
lengthens the time constant, which would permit a greater number of phas<ed
lightning strokes before the decay of an oseillation,

The enhanced low-frequency electrical oseillations in the earth-ionosphere
cavity relate to possible weapons systems through a little unde
brain physiology. Electrical activity in the brain is concentrate
queneies, some of it extremely slow, a little wmd five cyeles per second, ¢ I
conspicuous activity (the so-ealled alpha rhythm) around ten eyeles per second
Some experiments have been done in the of a flickering light to pull the
brain's alpha rhythm into unnatural synehrony with it; the visual stirulat
leads to electrical stimulation. There also been work on direct eleetrie
driving of the brain. In experiments discussed by Norbert Wiener, a sheet
tin is suspended from the ceiling and connected to a generator working at ten
cy cles [rer second.

With large field strengths of one or two volts per centimeter oscillatin
alpha-rhythm frequency, decidedly unpleasant sensations are nofed
subjects.

The Brain Research Institute of the University of California is investigating
the effect of weak oscillating fields on human behavior. The field strengths in
these experiments are of the order of a few hundredths of a volt per centimeter
Subjects show small but measurable degradation in performance when exposed
to osecillating fields for periods of up to fifteen minutes,

The field strengths in these experiments are still mueh stronger, by a factor of
about 1000, than the observed natural oscillations in the earth-ionosphere cavity.
}Iu\uur‘ s ]mw:m:\l\ noted, the intensity of the natural ﬂlutnl.mn- could be
increased substantially and in principle could be maintained for a long time,
tropieal thunderstorms are always available for manipulation. The m-._n-r
graphical location of the source of lighting, coupled with accurately timed, arti-
fically excited strokes, could lead to a pattern of oscillations that produced
relatively high power levels over certain regions of the earth and substantially
lower levels over other regions. In this way, one could develop a system that
would seriously impair brain performance in very large populations in selected
regions over an extended period.

The scheme I have susggested is admittedly far-fetched, but I have used it to
indicate the rather subtle connections between variations in man's environmental
conditions and his behavior. Perturbation of the environment ean produce changes
in behavior patterns. Since our understanding of both behavioral and environ-
mental manipulation is rudimentary, schemes of behavioral alteration on the
surface seem unrealistic. No matter how deeply disturbing the thought of using
the environment to manipulate behavior for national advantage is to some, the
technology permitting such use will very probably develop within the next few

decades.




SECRET WAR AND CHANGING RELATIONSHIPS

Deficiencies both in the basic understanding of the physieal processes in the
environment and in the technology of environmental change make it highly
unlikely that environmental modification will be an attractive weapon system in
any direct military confrontation in the near future. Man already possesses highly
effective tools for destruction. Eventually, however, means other than open
warfare may be used to secure national advantage. As economie ecompetition among
many advanced nations heightens, it may be to a country’s advantage to ensure
a peaceful natural environment for itself and a disturbed environment for its
competitors. Operations producing such eonditions might be carried out covertly,
since nature’s great irregularity permits storms, floods, droughts, earthquakes,
and tidal waves to be viewed as unusual but not unexpected. Such a “secret war”
need never be declared or even known by the affected populations. It could go on
for vears with only the security forces involved being aware of it. The years of
dronught and storm would be attributed to unkindly nature, and only after a
nation was thoroughly drained would an armed takeover be attempted.

In addition to their covert nature, a feature common to several modification
schemes is their ability to affect the earth as a whole. The environment knows no
political boundaries; it is independent of the institutions based on geography,
and the effects of modification ean be projected from any one point to any other
on the earth. Beeause environmental modifieation may be a dominant feature of
future world decades, there is concern that this incipient technology is in total
confliet with many of the traditional geographical and political units and concepts.

Political, legal, economie, and soeciologieal consequences of deliberate environ-
mental modification, even for peaceful purposes, will be of such complexity that
perhaps all our present involvements in nuclear affairs will seem simple. Our
understanding of basic environmental science and technology is primitive, but
still more primitive are our notions of the proper political forms and procedures to
deal with the consequences of modification. All experience shows that less signifi-
eant technological changes than environmental control finally transform politieal
and social relationships. Experience also shows that these transformations aré not
necessarily predictable, and that guesses we might make now, based on precedent,
are likely to be quite wrong. It would seem, bowever, that these nonscientific,
nontechnological problems are of such magnitude that they deserve consideration
by serious students thronghout the world if society is to live comfortably in a
controlled environment.

Author’s note: In the section on weather modification I have drawn heavily on
Weather and Climate Modification (National Academy of Sciences, National
Research Council, Washington, 1966). A. T. Wilson’s paper on “Origin of Ice

Ages" appeared in Nature, vol. 201, pp. 147-49 (1964), and J. T. Hollin's comments
in vol. 208, pp. 12-16 (1965). Release of tectonic strain by underground nuclear
explosion was reported by F. Press and C. Archambeau in Journal of Geophysical
Research, vol. 67, pp. 337-43 (1962), and man-made earthquakes in Denver by
D). Evans in Geolimes, vol. 10, pp. 11-17. I am grateful to J. Homer and W. Ross
Adeyv, of the Brain Research Institute of the University of California at Los
Angeles, for information on the experimental investigation of the influence of
magnetie fields on human behavior.

ENVIRONMENTAL WarrFAaRe ANDp Ecocine—FacTs, ArPrAISAL, AND ProrosaLs
(RevisEp VERSION)

(By Richard A. Falk, Princeton University)
1

In Indochina during the past decade we have the first modern instance in which
the environment has been selected as a “military” target appropriate for com-
prehensive and systematic destruction. Such an occurrence does not merely refleet
the depravity of the high-technology sensibilities of the war-planners. I{ carries
out the demonie logie of counterinsurgency warfare, especially when the insurgent
threat is both formidable and set in a tropieal locale. Reeourse to deliberate forms
of environmental warfare is part of the wider military conviction that the only
way to defeat the insurgent is to deny him the cover, the food, and the life-support
of the countryside,

-S02—72—10
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Under such conditions bombers and artillery seek to disrupt all activity, and
insurgent forces find it more difficult to mass for efective attack. Such policies
have led in Indochina to the destruction of vast tracts of forest land and to so-
"{'1'||!:-[]i'r1i:l| [ar-:-_.-,r:lnl.-a." The U.S. Government has altered tactics in recent A
shifting from chemical herbicides to Rome Plows as the prineipal means to s
away the protective cover of the natural l:lm{r'l':ii:l', but the basic ion
separating the people from their land and its life-support chs i
Such policies must be coupled with the more familiar tenets of counteri
doetrine which seek to dry up the sea of civilians in which the insur
tempt to swim. This drying up process is translated militarily into
countryside unfit for civilian habitation. To turn Indochina into a sea of fi
compel peasants to flee their eestral homes was conscionsly embodied in a
series of w policies includin free-fire zones,” “‘search and destroy” srations,
and the various efforts to move villagers forcibly into secure areas. Therefore, if
is important to understand the extent to which environmi ntal rfare is linked
to the overall tactics of high-technology eounterinsurgency warfare, and extends
the indiseriminateness of warfare ecarried on against people to the land itself,
Just as counterinsurgency warfare tends toward genocide th respect to the
people, so it tends toward ecocide with respect to the environment.

It may be more than coincidental that at the historical moment when we are
in the process of discovering the extent to which man’s normal activities ar
destroving the ecological basis of life on the planet that we should also be con-
fronted by this extraordinary enterprise in Indochina of deliberate environmental
destruction, These conscious and nneonseious tendencies need to be linked in any
adequate formulation of the werld order challenge confronting mankind. It is
alzo worth noting that =o fa t least, the target area of environmental warfare
is the Third World, a sector of world society that has largely disavowed the
relevance of the ecological agenda to its schedule of priorities. Environmental
warfare is a dramatic reminder of the extent tc which the planet as a whole must
mobilize & response to the ecological challenge to sustain life on earth and beat
back reversions to barbarism emanating from the “advanced” regions and applied
to those that are relatively “backward.” It is a form of dangerous provineialism
for the countries of Asia and Africa to call for “benign neglect” when it comes to

this subject-matter; perhaps the relevance of ecological issues can be gri d more
clearly by Third World leaders and peoples in relation to environmental warfare.

11

On a more technical level there are several issues of related concern that need
to be considered. First of all, it seems important to a s the extent to which
patterns of environmental warfare violate existing eriterin of legal judgment.
Secondly, there is a need to promote the development of new law that captures
the uniqueness of recent developments and anticipates future dangers; in partic-
ular, the search for clear standards of legal prohibition directed explieitly toward
environmental warfare might help shape future conduct. Many governments
have been reluetant to protest against what the United States has been doing
in Indochina and so have avoided a concern with environmental warfare. At this
stage it iz possible to formulate, at least, a series of public demands around which
popular support needs to be rallied if governments and world institutions are
going to join in the movement for rectifying action.

ITI

In considering the relevance of international law I wish to make several pre-
liminary points that bear on more speeific assessments:
(1) The connection between treaties and customary international law.
(2) The role of world community consensus in interpreting the requirements
iternational law,
) The importance of principles of customary international law for the in-
terpretation of the legal status of disputed tactics of warfare.
(4) The importance of moral considerations in judging what is permissible
behavior of governments and their officials.
(5) The significant distinction between the illegality of governmental conduct
and the eriminality of individual conduct (whether or not in the line of official
duty).
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1. The connection between treaties and customary international law

There has been a tendency by governments to confine the scope of the law of
war to treaty law. Such confinement is improper. Even the US Army Field Manual
27-10 acknowledges that customary international law complements treaty rules.
It is important to understand that customary norms exist and apply because of
the degree to which modern weaponry and battlefield tactics have evolved sinece
the time when the basic treaties were formulated at the turn of the eentury.
The broad lawmaking treaties in 1907 bearing on the law of war were themselves
specific embodiments of general principles of belligerent restraint as they related
to war technology and tactics existing at that time. These customary prineiples,
more than the treaty rules they gave rise to, remain the primary basis for giving
legal substance to the law of war in the face of a drastically altered technological
and military environment. New treaties would be desirable, because of their
capacity to generate agreed interpretations of the specific implications of new
weaponry and tacties in relation to the customary |H'ihr'!||1|r'- '.I:I.l:'l‘l'|}'i:1: the law
of war. Such treaties could provide authoritative reading of limits on state be-
havior and would also be more likely to engender respeet as contemporary
government officials would have taken part in the reformulation process and
renewed their commitments by participating in the treaty-making rituals of
solemnity.!

Jut in the absence of a new round of Hague-type conferences the best ground
that exists for legal judgment is to examine contested belligerent practices in
light of the more general policies to which they gave expression. Customary
principles of international law [see section (3) below] are of great importance in an
effort to understand the legal status of the various dimensions of environmental
warfare.

2. The role of world community consensus in interpreting the requirements of inter-
nalronal law

The increasing number of actors, their diversity, and the complexity of inter-
national life make it more difficult to rely upon procedures based on governmental
consent to develop either binding new interpretations of old rules or the generation
of new rules of international law. In such a context a consensus of governments
acting within the scope of formal procedures is increasingly viewed as capable of
generating authoritative interpretations and standards. The most significant
arena wherein these newer procedures of law-creation have been used is the
General Assembly of the United Nations. The status of these resolutions remains
controversial, especially among the more sovereignty-oriented governments, but
I think the record of reliance on such resolutions in areas of arms control, space,
and human rights creates a body of practice in support of the contention that
these resolutions can, where intended by a large majority of governments, declare
and create law.

It is true that the degree of authoritativeness and effectiveness of such law-
making activity will depend on a number of factors including the strength and
quality of consensus, the strength and quality of dissent, the specificity of demand,
the willingness to implement conformity with prior legal and moral expectations.
The basic point is that the General Assembly now possesses a quasi-legislative
competence that needs to be seriously considered whenever it is relevant, especially
when it sets forth a prevailing interpretation of the content of a previously agreed
upon legal rule.

3. The importance of principles of customary international law for the inlerpretlation
of disputed lactics of warfare

Four principles of customary international law provide guidelines for the
interpretation of any belligerent conduet not specifically covered by valid treaty
rule:

[. Principle of necessily.—No tactic or weapon may be employed in war that
inflicts superfluous suffering on its vietims even if used in the pursuit of an other-
wise reasonable military objective.

[I. Principle of humanity.—No tactic or weapon may be employed in war that
is inherently cruel and offends minimum and widely shared moral sensibilities.

1 Such an argument is convineingly set forth in Abram Chayes, “An Inquiry into the Workings 0f Arms
Control Agreements," Harvard Law Re Vol. 85 (Mare| ), P 905068,
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I11. Principle of proportionality—No weapon or tactic may be employed in
war that inflicts death, injury, and destruetion disproportionate to its contribution
to the pursuit of lawful military objectives.

IV. }'rim‘;';, le of discrimination.—No wespon or tactic may be employed in war
that fails to discriminate between military and non-military targets and that is
either inherently or in practice incapable of discriminating between combatants
{ll'l(i I](Hll.'l}l'lllllﬂ:U]T..".

These four principles are general and are admittedly difficult to apply to the
complexities of the battlefield. However, a rule of reason can be used to identify
patterns (as distinet from instances) of clear violation, where the weapons and
tactics are used in such a way as cannot be reasonably construed as compatible
with these principles of overriding constraint. Such principles also reflect a
minimum moral content that underlies the whole enterprise of a law of war, ad-
mitting its inevitable horror, but still striving for a mitigating framework of
restraint.

Customary prineiples of international law are especially important in relation to
the law of war because of its dvnamic character. The underlying commitment of
governments to restraint depends upon the interplay between good faith adherence
to these four principles and the actualities of war. The famous DeMartens clause
inserted in the Hague Conventions acknowledged this importance:

Until a more complete code of the laws of war has been issued, the high
contracting Parties deem it expedient to declare that, in cases not included in
the Regulations adopted by them, the inhabitants and belligerents remain
under the protection and the rule of the principles of the law of nations, as
they result from the usages established among civilized peoples, from the
laws of humanity, and the dictates of public conscience.

Widely ratified treaties such as the 1925 Geneva Protocol on (Gas, Chemical,
and Bacteriological Warfare may also attain the status of customary internat ional
law by virtue of a consensus among governments active in the world community
even if the consensus falls short of unanimity—and thereby bind non-parties.
The reasoning here is analogous to that used in section (2) to discuss the potentially
authoritative status of General Assembly Resolutions purporting to interpret a
treaty. G. A. Resolution 2603A (XXIV), which extends the coverage of the
Geneva Protocol to tear gas and herbicides, illustrates both an effort to make a
binding interpretation of a treaty rule and to extend the coverage of the treaty to
the entire community including nonparties. In the test of G. A. Resolution 2603A
“the General Assembly . . . called for the strict observance by all States of the
principles and objectives of the Geneva Protocol’ and ““Declares as contrary to the
generally recognized rules of international law as embodied in the Geneva Pro-
tocol” the use of tear gas and chemical herbicides. The point here, which will be
discussed later, is that the United States is bound by “‘the principles and objec-
tives' of the Geneva Protocol, including the interpretation of its scope even though
it has not ratified the treaty, In essence, such a conclusion reflects the view that an
impartial third party—for instance, the International Court of Justice—would
find that the United States is bound by the Geneva Protocol and by the inter-
pretation of its scope affirmed by the overwhelming majority of governments.
Such a prediction may be made either beeause the Resolution is itself law-pro-
claiming and authoritative or because it is indeed an accurate declaration of the
proper meaning of the Geneva Protocol (and parallel norm in customary inter-
national law).

As a practical matter, U.S. ratification may still be important because much
of the international law of war depends for effective application upon self-enforce-
ment, especially when the actor is a major state not in conflict (and hence not
deterred by) another major state. The United States would be much more likely
to respect the Geneva Protocol, as generally, if it explicitly ratified the treaty,
even though it remains the case that it is bound by its terms even prior
to ratification.?

A final point has to do with the common contention that governments have
generally used whatever weapons and tactics seemed to confer upon them a mili-
tary advantage without according much, if any, heed to restraining principles
of customary international law, or for that matter, of treaty law. There is even
a common misunderstanding that a claim of military necessity overrides legal
restraints. The agreed understanding of governments embodied in the law of war
is that legal restraints have been formulated with due regard for military necessity,
and that any further unilateral abridgements are violations. To say that the law

* Indeed. it could diminish the scope of its obligation by accompanying its ratification with either a res-
a statement of understanding which maintained the option to use herbicides and riot control
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of war is frequently violated is merely to affirm that governments are not very
law-abiding in this area, and are indeed eriminally disposed, especially where
their vital interests are at stake.

Such a conclusion argues more for a different system of law enforcement
perhaps spearheaded by a law-minded citizenry—than for a suspension or nega-
tion of these international rules. Also, there is evidence, even bear 4 i!i['l-l'll} wn
the use of gas in war, to suggest that legal restraints were respected including by
the United States, despite the fact that it has not been a party to the G Wa
Protocol, and despite the prospect of some military advantage resulting from the
use of gas in the Pacific island warfare against the Japanese during World War I1.

4. The importance of moral faclors in judging what is perm issible behavior of govern-
ments and their officials

The law of war attempts to reconcile minimum morality with the practical
realities of war. This reconciliation is best summarized in the four principles of
customary international law. The moral sense of the community pl'u\'itlvs a
legislative direction for the growth and understanding of international la

In no area is it as appropriate as in relation to war to contend that
does and should reflect that which ought to have been done or not done by govern-
ments and their representatives. Morality, in this sense, attempts to fill the legisla-
tive vacuum created by the institutional deficiencies of international society and
adapt law to some extent to the rapidly changing realities of war. In this sense the
growth of the international law of war may contain a greater element of retro-
activity than in the more developed constitutional systems of domestic society
but the retroactivity exists only on a legalistic plane. The Nuremberg initiative
provides our most dramatic illustration of a legislative spasm in international law
that rested on the firmest grounds of shared morality, but aroused eriticism from
legalistically inclined observers.? The Indochina context, given the public outrage
over the deseeration of the land at a time of rising environmental conseiousness,
creates a target of opportunity eomparable to Nuremberg. Surely it is no exaggera-
tion to consider the forests and plantations treated by Agent Orange as an
Auschwitz for environmental values, certainly not from the perspective of such a
distinet environmental species as the mangrove tree or nipa palm. And just as the
Genocide Convention came along to formalize part of what had already been
condemned and punished at Nuremberg, so an Ecocide Convention could help
carry forward into the future a legal condemnation of environmental warfare in
Indochina,

The significant distinction between the illegality of governmental conduct and the

rr{u:r’nr:!;’!‘r; nf individual conduct

International law is most characteristically concerned with regulating the
behavior of governments. The laws of war are binding on governments, although
national legal systems generally make the laws of war binding on combat personnel
and 5"""'”!‘ eriminal sanctions :l}!!J]iruhli' in the event of violations.* As well, the
Nuremberg approach makes individuals eriminally liable for violations of the laws
of war even if the violations were committed in the line of duty and in deference to
orders issued by bureaucratic or military superiors. That 1s, international law
directs that individual conformity with the laws of war take precedence over
normal obligations to domestic law or military and civilian lines of command. The
practical consequences of such a directive have engendered many difficulties during
the Indochina \l\'-gr for conscientious Americans. The Nurembe ILuhh ation may be
taken more seriously in the United States than elsewhere because of a tradition of
respect for individual conscience and because the war crimes trials after World
War IT were so greatly a reflection of Ameriean initiative. Daniel Ellsberg and
Anthony Russo, draft and tax resisters, and an expanding national movement of
civil disobedience all draw support from the wider logic of Nuremberg which
implies not only a citizen's duty to refuse participation in illegal war policies or an
illegal war, but also creates a legal basis for individual action to prevent govern-
mental crimes of war.

IV

It is now possible to assess the legality of the main components of environ-
mental warfare as it has been waged in Indochina. It is important legally to
distinguish between weapons and tactics that are designed to damage the environ-

ol responses sea W l”l]['l J. Bosch, “Judgment on Nuremberg: American Attitudes toward
n War-( 1e Trials,” Chapel Hill, N.C., University of North Carolina P ress, 1

1 Conventions of 1M9 even have a common provision obliging Parties to the tre |1
tion necessary to provide effective penal sanctions™ for persons committing or ord
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ment and those that, like bombs, are designed fo strike human or societal targets,
but may also, as a side effect, damage the environment. It is also important to
distinguish between specific oceasions of environmental warfare and persistent
patterns of w re that produce cumulative effects on ecosystems that ean be
properly called ‘‘ecocide” or policies that ean be desienated as “ecocidal.” And,
finallv, it is necessary to decide whether the scope of environmental warfare
includes the human effects of these weapons. The issue on one level is whether
man is to be coneeived, for this purpos : an integral element of “the environ-
ment’’; at a more practical level the issue is whether human side effeets of chemi
weapons like 2,4,5-T are to be included in a diseussion of environmental war 2

: roblem with the more expansive dafinition is that all forms of warfare

imental to man and his artifacts, and in this sense all warfare could be
od to be environmental (or ecological) warfare, thereby issing the

distinetive feature of American warfare in Indochina and the specific dangers
of ecostystem destruetion that are posed by high-technology counterinsurgency
warfare, especially if carried on in tropical settings. At the same time it is
artificial to ignore altogether our own human conecerns, and an orientation toward
the subjeet based on a coneeption of human ecology seems appropriate, wherein
bonds between man and nature provide an essential focus for inquiry. Therefore,
we define environmental warfare as including all those weapons and taeties
which either intend to destroy the environmz=2nt par se or disrnpt normal relation-
ships between man and nature on a sustained basis. The foeus is on environ-
mental warfare as practiced by the United States in Indochina, rather than on
the full gamut of weaponry detrimental to environmental values, which would
certainly include biological, radiological, and nuclear weapons as well as those
dise sed here

We will consider the legal status following weapons and tacties used in Indo-
china from this perspective:

(1) The use of herbicides.
The use of Rome Plows to achieve deforestation.
(3} Bombardment and artillery fire.
(4) Reported reliance on weather modification techniques.
1. The Use of Herbicides—There is extensive information available on the use of
herbicides in the Indochina War, principally in South Vietnam.* The major chem-

icals used as military herbicides were Agent Orange (a mixture of 2,4-D and 2,4,
5-T) used against forest vegetation; Agent White (a mixture of 2,4-D and
Picloram) also used mainly against forest vegetation; Agent Blue (Cacodylie Acid)
used against rice and other crops. Defense Department figures disclose a steady
escal n in the use of chemieal herbicides from 1962 up through the early mont
of 1968, with a slight tapering off up through the middle of 1969 when the last
ficures were released. In this period, 4,560,600 acres of forest land and 505,000
acres of erop land were sprayed, the total amounting to 5,065,600 acres, or more
than 109, of the entire area of South Vietnam (see evidenee on Cambodia). The
rate of application has been roughly thirteen times the dose recommended for
domestie use by the U.8. Drug Administration.

President Richard Nixon reportedly terminated the use of herbicides for crop
destruction and announced a phase-out of the defoliation efforts in 1970. Defolia-
tion has not been halted by Nixon, but rather the task has been shifted from
chemieals to plows, which from an ecological point of view achieve even more
disastrous results.

The environmental damage eaused by defoliants can still not be fully assessed.
However, there is strong evidence to suggest that some varieties of trees in Soutl
Vietnam, particularly nipa palms and mangroves, have been destroyed, not mere
defoliated, by a single application; multi applications kill other trees. Tl
AAAS-HAC study concluded that half of the hardwood trees north and west
Saizon have been damaged. Westing estimates that by December 1970, 35%
South Vietnam’s dense forests had been sprayed; 25% onee, 109, more than o1
Madame Nguven Thi Binh, speaking in Paris on behalf of the Provisional Reve
tionary Government of South Vietnam, alleged that between 1961 and 1969 457
of arable land and 449 of forest land had been sprayed at least once and in many
ecases two, three, or more times. In this proce over 1,203,000 persons were
“directly contaminated.” ¢ John Lewallen concludes: “The forests of South

1 Indochina,
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Vietnam have not been merely damaged for decades or centuries to come. Nor have
they simply been deprived of rare tree species. It is probable that many areas will
experience an ecosystem succession under which forest will be replaced by
savanna,” 7 Often elephant grass overwhelms a forest area that has been defoliated
tosuch an extent as to preve nt reforestation .l“-‘_'.l 1' 1er.
i + is ample evidence, then, that military herbicides have been extensively
out South Vietnam, especially heavily along river

d base perimeters, and in relation to suspected base areas and supp

liants were generally sprayed from the air in specially fitted C-
||ll|u« -n['u M Near ;:-l[-l:i:ulmi areas and with their dispersal significantl;
as by wind factors. As a consequence, the herbicides
lHlH. ading to their destruction or, as the evidence sug-
: atogenic effects on unborn children. There have been numerous
ithenticated reports of human and animal ;:--isnhillu throughout the course of

The basic military justification for the massive defoliation

L the NLF protective cover, thereby guarding defensive posi-

tions umbush and »lu'_mrnv attack and enabling improved target identifica-
tion fensive operations. The destruction of erops was justified as an effort
to deny food to NLI forees in areas under their control.

ationale.—The |< "'li ionale of the U.S. Goverment has been well
stated Fred Buzhardt, General Counsel to the Department of Defense, in a
letter to Senator J. \\|H|,uu Fulbright, dated April 5, 1971:

[NJeither the Hagne Regulations nor the rules of eustomary international
law appliecable to the conduct of war prohibit the use of anti-plant chemicals
for defolintion or the destruction of erops, ]:l'-r\ilii-ti that their use against
erops does not eause such crops as food to be ]nuimmuf by direct contact,
and such use must not eause unnecessary destruetion of enemy property.

The Geneva Protocol of 1925 adds no prohibitions re Jating e Ilfl:I the use

smieal herbicides or to erop destruction to those above. Bearing in view

at neither the legislative history nor the practice of States draw chemical
srhicides within its prohibitions, any attempt by the United States to
¢ such agents within the Protoeol would be the result of its own poliey
mination, amounting to a self-denial of the use of weapons, Such a de-
-J-m is not compelled by the 1907 Hague Regulations, the Geneva

r ol of 1925, or the rules of customary international law.

In essence, the United States Government claims that no existing rules of inter-
national law prohibit the military use of herbicides.

Legal r:;aprnr:.ur'. It seems elear that an overwhelming majority of governments
regards (1) the Geneva Protoceol as binding on non-parties d (2) as extending
its prohibition to cover military herbicides. The protocol binding because it
enjoys the status of customary international law, a status that the United States
has not s I':nl‘;-l_‘\ l';:l:!“i‘ﬂ_‘._‘,l‘li. Indeed, the U.S. Government has argued its adher-
ence to the terms of the Protocol, contending only that its prohibition does not ex-
tend to military herbicides (or riot control gasses). In submitting the Protocol to

» Benate For Relations Committee for ratification .‘h eretary of State Willis um

s provided an accompanying statement which said: “It is the United States’

understanding of the 1r|-m-|..l that it lim 3 not. prohibit 1]1-» use in war of riot-con-
trol nis and chemical herbicides

Such an understanding of the -l‘--'|-|' of the Protocol is not shared by the inter-
national community as a whole. UN General Assembly Resolution 2603A (XXIV)
supported by a majority of 80-3 (with 36 abstentions) indicated its express inten-
tion to dispel v uncertainty’ as to the scope of the Protocol and contained the
following operative paragraph:

Declares as contrs ury to the generally recognized rules of international law as
embodied in the Geneva Protocol the use in international armed conflicts of
any chemical agents of warfare: chemiecal substances, whether gaseous, liguid,
or solid, which mizht be employed beecause of their toxic effects on man,
anim s, or plants.

This paragraph puts forward a dual basis for disregarding the more restrictive
understanding of the Protocol put forward by the American government. First of
all, G.A. Resolution 2603A constitutes evidenee of what most governments regard
the scope of the prohibition to be. Secondly, 2603 A is itself supported by a consen-
sus of such a character as to give its law-declaring elaims an authoritative status by
virtue of the quasi-legislative competence enjoyed by the General Assembly.

ny was on March 5, 1971.




140

This view of the scope of the Geneva Protocol derived from positive inter-
national law also accord with the emerging moral consensus and community ex-
pectations relating to environmental quality. Hence, when in doubt as to the scope
of a treaty rule it seems desirable to seek a determination that accords with un-
folding community sentiments. On the level of customary international law, the
broad principles of diserimination and proportionality seem at odds with the
novel claim to attack vast areas of forest land so as to deprive ¢ f
natural cover. It is questionable whether high-technology counter
fare waged against a low-technology opponent can ever be recon
character with the framework of restraint provided by the four prineiples of
customary international law. In this sense the problems raised by elaims to use
military herbicides are but part of a larger set of legal concerns.

On balance, it seems possible to conclude that the Ame

herbicides in Indochina violated the Geneva Protocol, which is both a treaty and a
standard of prohibition that enjoys the status of customary internation:
This assessment of existing law could be confirmed by seeking A« :
Opinion on the status and scope of the Geneva Protocol from the International
Court of Justice. Such an Advisory Opinion is not really necessary, but if, as
expected, it confirmed the interpretation of the Protocol embodied in 2603A then
it would lay the American contention to rest once and for all.

When it comes to erop destruetion the prohibition on military herbieides stands
on even stronger legal ground. As Tom Farer points out, such tactics are “at best
indiscriminate, and they may in fact discriminate against civilians because, even
if the food supply which survives defoliation was distributed evenly, in absolute
terms eivilians would suffer disproportionately in that there are more of them and
many civilians, the young, for instance, have particularly intense needs for certain
foods.” ?* Government studies have indeed convincingly shown that erop de-
struection as in intentional military tactic had the prineipal effect of reducing the
food available to ecivilians; NLF food requirements were given priority in areas
under their control and were small enough in relation to available food to be
satisfied. A former high official in the so-called pacification program in Vietnam,
L. Craig Johnstone, put the effects of crop destruction as follows: “In the course of
investigations of the program in Saigon and in the provinces of Vietnam, I found
that the program was having much more profound effects on civilian noncoms-
batants than on the enemy. Evaluations sponsored by a number of official and
unofficial agencies have all concluded that a very high percentage of all the food
destroyed under the erop destruction program had been destined for ci n, not
military use.

The program had its greatest effects on the enemy-controlled civilian popula-
tions of central and northern South Vietnam. In Vietnam the crop destruct
program created widespread misery and many refugees.”1? Of course, such ef
on the civilian population are evidently a central ingredient of counterinsurgent
strategy vis-a-vis the countryside, and so crop destruetion is fully consistent with
such war policies aimed at refugee generation and pacification as *free-fire zones,”
“harassment and interdiction’” artillery fire, foreible removal of refugees, and
“goarch and destroy” missions. The use of chemieal herbicides to destroy crops
destined for civilian consumption is one of the points where the allegations of
ecocide merge with allegations of genocide.

2. Use of Rome Plows and bulldozing equipment.—A zecond major form of war-
fare waged directly against the environment has been to clear the land of vegeta-
tion by means of systematic plowing. According to Paul R. Ehrlich and John P.
Holdren:

Perhaps the erudest tool the United States is nsing to destroy the ¢ cology
in Indochina is the ‘ Rome plow.’ This is a heavily armored D7E caterpillar
bulldozer with a 2.5 ton blade. The Rome plow can cut a swath through the
heaviest forest. It has been used to ¢lear several hundred yards on each side
of all main roads in South Vietnam. In mid-1971 five land clearing companies
were at work, each with some thirty plows, mowing down Vietnamese forests.
By then some 800,000 acres had been cleared and the clearing was continuing
at a rate of about 2,000 acres (3 square miles) daily."

Pfeiffer and Westing conclude that by 1971 Rome plowing ‘‘had apparently
replaced the use of herbicides to deny forest cover and sanctuary to the other side.”
They conclude the Rome plowing is more effective than chemicals and ““is probably
more destructive of the environment.” This tactic has been used to “serape clean
’ ¥ ’I'run:, Farer, “The Laws of War 25 Years After Nuremberg," International Conciliation, No. 583, May

71, p. 0.
i .:Illl‘.lns'nhi-. o vide and the Geneva Protocol," For Aflairs, Vol. 49, pp. 711-720, at 719.
u “Ecocide in Indochina" (mimeo. paper), Dec. 197
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the remaining few areas of the Boi Loi Woods northwest of Saigon.” Pfeiffer and

Westing visited an area of forest that had been plowed several years pre viously

and it was covered with cogon grass which, according to these experts, makes

“further successional stages to the original hardwood forest very unlikely.”"#* It

is clear that such plowing inflicts ecological damage that may last for a very long

period of time, perhaps permanently.

Legal ralionale.—As far as I am aware, no attempt has been made to defend
Rome plowing as a legitimate tactic of war. A defense of this practice, if attempted,
would undoubtedly rest on the argument that it is a legitimate military objective
to deny the enemy protective cover and that, in any event, no rules of prohibi-
tion ean be discovered in either Treaty or eustomary international law.

Legal Appraisal.—All of the law of war was drafted and evolved in a pre-eco-
logieal frame of mind. There are no standards or rules that contemplated a military
strategy that sought to destroy the environment as such. Article 22 of the Annex
to the Hague Convention on Land Warfare could be relevant in interpreting pres-
ent content: “the right of belligerents to adopt means of injuring the enemy is not
unlimited.” The United States Supreme Court often interprets Constitutional
norms as embracing conduct not contemplated at the time of ratification, but re-
flecting an evolving sense of limits within the world community.

Nevertheless, I think it is not easy to conclude that Rome plowing, however
much it offends ecological consciousness, constitutes a violation of existing stand-
ards of international law. It points up the need for the formulation of clear stand-
ards of prohibition, in a new Protocol on Environmental Warfare (Annex 2).

Finally, it is possible to view such environmental devastation as an instance of

ime against humanity’’ in the Nuremberg sense, suggesting again the quasi-
legisla potentialities created in a situation of moral outrage. The link between
environmental destruction of the Vietnamese forests and crimes against humanity
is by way of “human ecology,” the environment being interrelated in organie
fashion with human existence.

Indeed there is some relatively hard evidence to support such an inference.
In the official history of the UN War Crimes Commission there is the following
report: :

During the final months of its existence the Committee was asked in a
Polish case (Commission No. 7150) to determine whether ten rmans, all
of whom had been heads of various Departments in the Forestry Adminis-
tration in Poland during the German oceupation (1939-1944), could be listed

eriminals on a charge of pillaging Polish public property. It was
1 that the accused in their official capacities eaused the wholesale
cutting of Polish timber to an extent far in excess of what was necessary 1o
preserve the timber resources of the country, with a loss to the Polish nation
 the sum of 6,525,000,000 zloty. It was pointed out that the Germans, who
{ been among the first as a nation to foster scientific forestry, had entered
nd and wilfully felled the Polish forests without the least regard to the
asic prineiples of forestry. The Polish representative presented a copy of
a circular signed by Goering under date of 5th January, 1940, in which
were laid down principles for a poliey of ruthless exploitation of Polish
forest It was decided by the Committee that prima facie existence of a
war crime had been shown and nine of the officials charged were listed as
aceused war eriminals.!®

3. Bombardment and artillery fire.—Pfeiffer and Westing have usefully sum-
marized the general information available:

In the seven years between 1965 and 1971 the U.8. military forces exploded
26 billion pounds (13 million tons) of munitions in Indochina, half from the
air and half from weapons on the ground. . For the people as a whole
it represents an average of 142 pounds of explosive per acre of land and
584 pounds per person . . . most of the bombardment was concentrated in
time (within the years from 1967 on) and in area. Of the 26 billion ponnds,
21 billion were exploded within South Vietnam, one billion in North Vietnam,
and 2.6 billion in Southern Laos.!

These awesome statistics will be further augmented by the escalation of bombing
in 1972 to the highest levels of the war. Unlike categories I and II practices,

E. W. Pleiffer, *“The Cratering of Indochina,” Scientific American, Vol. 226,
UN War Crimes Commission and the Development of the Laws of War,” London,

elffer, p. 21.
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category III practices are not designed, per se, to destroy the environment. The
element of intentionality is probably absent, although with the accumulation of
1'.\'[:1'1'i|<rl:'{' the environmental consequence of bombing patierns becomes part
of what is known by the war planners.

On the basis of the evidence available it is clear that several distinet
of ordinance use should be separately considered for purposes of legal an:

Craterization.—Pfeiffer and Westing estimate 26 million crater g
area of 000 acres, and representing a displacement of about culm-
vards of earth. Much of L'lll ring has been eaused by 500 ]u,u.ul ]ulmin
dropped from high altitude B-52 flights and from large artillery shells. Such a
bomb typically produces a ecrater that is thirty to forty feet wide and five to
twenty feet deep (depending on topographical conditions), although larger eraters
have been reported. The effects of craters are numerous:

(1) Arable and timber land are withdrawn from use virtually indefinitely.!

(2) Unexploded bombs or fragments make neighboring land unsatisfactory for
normal use and cause injury to man and animals.

(3) Craters that penetrate the water table become breeding grounds for mos-
quitoes, increasing the incidence of malaria and dengue fever,

(4) Craters displace soil, and especially in hilly areas accentuate soil runoff
and erosion, causing laterization of the land in and around eraters.

(5) Bombardment of forest areas has harmed the timber industry by outright
destruetion; also, metal shrads weaken trees and make them vulnerable to fungus
infeetion.

Legal rationale—The bombardment involves legitimate bombardment of
suspected concentrations of enemy troops or supplies. Environmental da » is
an unintended side-effect that is not regulated in any way by existing international
law. To the extent the bombing is indiseriminate then it is -t|1\_[- et to independent
attack. The demonstration of environmental damage adds little to the le
analysis of the status of Indochina bombing patterns.

Legal appraisal.—It is true that no explicit rules of prohibition seem available
to assess the legal status of eraterization. However, the seale and magnitude of
bombardment raises special issues under Article 22 of the Annex to the Hague
Convention on Land Warfare and in relation to Crimes Against Humanity as
specified at Nuremberg.

It does seem desirable, nevertheless, to seek new legal rules and prineiples that
are explicitly concerned with the environmental side-effects of standard war
policies. Also it is necessary in this context to regard belligerent action bevond

acity of the environment to absorb and respond in a short period of time
as involving the independent erime of ecocide.

Would a Nuremberg 11 tribunal convened to assess liability of American leaders
for eraterization in Indochina convict on this eount? It is difficult to prediet the
outeome on this issue because the law is murky and beesuse of an apparent absence
of a direct intent to l!l‘.‘-l]"ﬂ_\' the environment on the part of American eivilian and
military leaders.

“Daisy-cutters.” —Gigantic bombs, weighing 15,000 pounds, were being dropped
at an estimated rate of two per week sinee mid-1971 in South Vietnam to establish
instant clearings for firebase helicopter landing areas, and, according to some
accounts, on areas of suspeected troop concentrations. These bombs kill all animals
and people who happen to be within a quarter-mile radius of the blast. The cleared
area is completely deforested.

Legal rationale.—Bombing and damage incidental to valid military purpose in a
context where no rule of prohibition exists.

Legal appraisal.—The specific action does not seem to violate ||r»-jli\i- norms of
international law. Condemnation is partly an expression of outrage in relation to
overall devastation of Indochina and partly an expression of an emer

1 consciousness. Again, the legal retroactivity of prohibition in a f\'m‘-:nln-:'-_;
setting would be more than offset by a sense that such bombs are indiseriminate
in effect and disrupt in fundamental fashion man’s links to the environment.

Electronic battlefield; systemalic bombing; “free-fire zones.”—In these settings
bombing patterns are indiscriminate with respect to all that breathes and moves.
The saturation bombing also devastates the land and tends to de E"'lml‘”" the area
subject to attack. Fred Branfman has deseribed in agonizing detail the total
destruction of the idyllic and prosperous agrieultural subsociety of 50,000 in the
Plaine des Jarres in Laos,!®

ifman, ed., “Voices from the Plain of Jars,"” New York, Harper Colop
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Legal rationale.—There is none. The facts have been officially repressed
distorted by the U Government.

Legal appraisal—To the extent these war policies involve attacks on eivilian
targets, such as rural villages, they are clearly in violation of international law.

o the extent that the separate acts of environmental destruction are considered
the legal status is, at present, more problematic. To the extent that an inhabited
ecosystem, such as the Plaine des Jarres, is devastated by direct action. then it
seems to be a erime against humanity in the spirit of Nuremberg 1.

4. Weather Modification."—There is an increasing indieation that the United
States has seeded clouds over Laos in order to inerease rainfall. The military
rationale for such a tactic is to muddy or eause flooding in the vicinity of the
network of roadways constituting the Ho Chi Minh trail. A cloud-seeding plane
like a reconnaisance plane that drops flares could accomplish mission by drop-
ping 35 to 100 pounds of silver iodine over a six-hour period. The Defense Depart-
ment has shrouded the subject in seerecy and has refused to make any statements
of unequivocal denial or confirmation. Nevertheless, a series of collateral accounts,
including some references in the I’I'IJI.‘l;_“IIII f’:lin-l'- and some leaked information
appearing on March 18, 1971, in a news column by Jack Anderson create a strong
basis for believing that weather modification has been used in Indochina as a
deliberate weapon of war.

Such tacties, because of their relative covertness and widespread potential for
lin-\';i. [:dilu_'. i]n]::u'f.\' on a targel area |;Lr|d, ])l-]"hu[,a', on ;_:lr:h:\| \\'t';:lin-r ||;ltlt-}'l|-
as well) pose a danger of great magnitude to the future of world order. It seems
very important to arouse public concern at this time and seek a clearcut pro-
hibition on weather modification for military purposes s

Beecause of the secrecy surrounding the activity and its novelty in the history
of warfare, it is virtually impossib le to car \g 1l analysis any further at this
stage. EEven more so than poison gas and bacteriological weapons, weather mod-
i.’in'::tinn poses dangers of indiseriminate and uncontrollable damage, clearly a
menacing genie that needs to be recaptured and confined for all time. It secms
mandatory in such circumstances to seek an absolute legal prohibition on the
pract ice of weather modification for llli“l::il'} purposes.

On the basis of this brief description of the legal status of the main elements of
tn\ulrnnum.ul warfare in Indochina it seems clear that there are two distinet
sets of tas

(1) To take steps to strengthen and clarify international law with respect to
the prohibition of weapons and tactics that inflict environmental damage, and
designate as a distinet erime those cumulative war effects that do not merely
disrupt, but substantially and irreversibly destroy a distinet ecosystem.

2) To take steps to stop and rectify the ecological devastation of Indochina,
to censure the United States for these actions, to impose upon the United States
a minimum burden of making available ample resources to permit ecological re-
habilitation to the extent possible in the shortest time and in the most humane
manner, and to assess fully the various ecological effects of the war upon Indochina.

To accomplish (1) we suggest the following action, illustrated by draft
Imstruments:

A Proposed International Convention on the Crime of Ecocide (Annex 1).

A Draft Protocol on Environmental Warfare (Annex 2).

A Draft Petition, to be signed by individuals and non-governmental orga-
nizations, addressed to the Secretary General of the United Nations
(Annex 3).

To deal with the more specific problems generated by the Indochina War we
propose the following:

A Draft Peoples Petition of Redress on Ecocide and Environmental
Warfare addressed to governments and to the United Nations (Annex 4).

VI
There are special difficulties that pertain to taking appropriate legal action with

respect to environmental devastation in Indochina. First of all, the United States
a preeminent state in the world system is able to block serious inquiry into this

¥ 'Th re |||-\ upon I\ wrah Shapley, “Rai #: Rumored Use ver Laos Alarms Arms
Experts, n Vo! } 1
I Benn
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subject-matier. I believe this obstruetive capability accounted for the failure to
inseribe the issue of environmental warfare on the agenda of the UN Conference
on the Human Environment. Secondly, and relatedly, the United Nations is not
able to pursue effective initiatives without the assenting participation of its most
powerful Members, especially the United States; the silence of the Organization
through a decade of warfare in Indochina is a shoeking revelation of the extent to
which the Charter is a dead letter whenever its violation is primarily attributable
to one of the two superpowers. Thirdly, the United States has not lost the Indo-
china War in the way in which Germany lost World War II, and a=s such, its
leaders and policies are unlikely to be subjected to critical review by either an
independent commission of inquiry or by an intergovernmental tribunal of
judgment.

Given these realities, it is necessary to develop an action plan that has some
prospect for success. This plan will have to discount the possibilities of relying
upon governments or inter-government organizations, although governments that
are willing to formulate a critical response, as did Premier Olaf Palme at the Stock-
holm Conference in June, 1972, help greatly to expose the failure of public insti-
tutions to protect public v alues. Simils wrly, petitions seeking redress of grievances
directed at those institutions entrusted with formal responsibility help to expose
institutional responses that sustain or acquiesce in the practice of environmental
warfare and ecocide. Such efforts to present petitions emphasize the need to
stimulate a world populist movement, both nationally and internationally, as a
way of eroding the power of governments over lives and ecological destinies,

The most important arenas of action may be non-governmental in character,
At some point it may even be desirable to organize a peoples’ commission of in-
quiry and redress that seeks to focus the facts of environmental devastation and
ecocide on Indochina, and to formulate appropriate demands for censure and
relief.

On a more fundamental level, the issues of environmental warfare are peculiarly
resistant to inter-governmental collaboration because of their apparent link with
counterinsurgency warfare. It is the counterinsurgent that tends to pursue the
tactics and rely upon the weapons that do the most damage to the environment.
That is, governments have a particular interest in being able to use their techno-
logical advantages to neutralize whatever advantages of dispersal and maneuver-
ability are enjoyed by an insurgent. In Indochina this technological and tactical
gap has led almost all of the serious environmental damage to have been inflicted
by the forees aligned with the inecumbent government., It can be argued, in addition,
that without military herbicides, Rome plowing, and massive airpower, battleficld
outeomes would have been decisively in favor of the insurgent forces. Therefore,
it would seem to be the case that environmental devastation is a virtually in-
evitable byproduct of a sustained campaign of counterinsurgency, especially if
carried out in the tropies against insurgent forces enjoying a strong base of popular
support; in such circumstances not only must the sea be drained to imperil the
fizh, but it life-supporting ecology must be destroyed as well. Given the prospect
of future insurgent challenges, it is unlikely that governments will be agreeable,

ast not without a major populist campaign beforehand, to foreclose by assent
il prohibitions their military options for eounterinsurgent response.

This consideration suggests wider grounds for skepticism as to legal responses.
EEven in the Third World a large technological gap exists between the weaponry
and tacties of the government and that of its internal challengers. Throughout
the world most governments are confronted by insurgent challenges and seek to
use all effective means to defeat them. The common governmental consensus is
abetted by arms sales and transfers which make all governments increasingly
dependent on high-technology military establishments, From this dependence,
the willingness and eapability to wage environmental warfare is almost certain
to follow.

It needs to be understood that international law, by and large, continues to
reflect the perceived self-interest of governments. Both in terms of formation and
implementation international law presupposes reciprocal interests in patterns of
voluntary compliance. As such, international law is a consensual system. If these
interests do not exist or are not perceived to exist, then it is difficult to generate
new law or enforce old law in international affairs. This general comment is pecu-
liarlv true for the law of war which raises vital questions of governmental survival.
Unlike interstate warfare, the insurgent actor is unrepresented in the international
legal order, and the law is likely to be shaped to serve the perceived military
interests of governments (i.e. actual and potential counterinsurgents).

Such conelusions reinforce our view that the state system is inherently incapable
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of organizing the defense of the planet against ecological destruetion.? As such,
the prospeets for ecological protection are intimately linked with the prospects
of initiating a world populist movement that incorporates the ecological imperative
at the same time that it works to secure equity for all men on earth.

AxNNEX 1
A Prorosep INTErRNATIONAL CoxvENTION ON THE CrIME or Ecocipe

The Contracting Parties:

Acting on the belief that ecocide is a erime under international law, con-
trary to the spirit and aims of the United Nations, and eondemned by peoples
and governments of good will throughout the world;

Recognizing that we are living in a period of increasing danger of ecological
l".f]l:l[]"'l"_

Acknowledging that man has consciously and unconseciously inflicted
irreparable damage to the environment in times of war and peace;

Being convinced that the pursuit of ecological quality requires interna-
tional guidelines and procedures for cooperation and enforcement,

Hl'l'-.'ir_\' agree.
ARTICLE 1

The Contracting Parties confirm that ecocide, whether eommitted in time of
peace or in time of war, is a crime under international law which they undertake
to prevent and to punish.

ARTICLE II

In the present Convention, ecocide means ny of the following s cts committed
with intent to disrupt or destroy, in whole or in part, & human ecosystem:

(a) The use of weapons of mass destruction, whether nuclear, bacteriological,
chemieal, or other.

(h) The use of chemical herbicides to defolinte and deforest natural forests for
miltary purposes.

¢) The use of bombs and artillery in such quantity, density, or size as to im-
pair the quality of the soil or to enhance the prospect of diseases dangerous to

human beings, animals, or crops.

(d) The use of bulldozing equipment to destroy large tracts of forest or crop-
land - military purposes.

(¢) The use of techniques degigned to inerease or decrease rainfall or otherwise
modify weather as a weapon of war.

f) The foreible removal of human beings or animals from their habitual places of
habitation to expedite the pursuit of military or industrial objectives.

ARTICLE 111

The following aets shall be punishable:
(a) Ecocide.
(b) Conspiracy to commit ecocide.
(¢) Direct and publie incitement to ecocide.
(d) ,-\I.'l\-rt'.|al to commit ecocide.
(e) Complicity in ecocide.

ARTICLE 1V

Persons committing ecocide as defined in Article IT or any of the acts deser
in Article III shall be . at least to the extent of being removed for ¢
period of years from any po m of leadership of public trust. Const i
responsible rulers, public officials, military commanders, or
m all be charged with and convicted of the crimes associated with ecocide as

forth in Article III.
ARTICLE V!

The United Nations shall establish a Commission for the Investigation of
Feocide as soon as this Convention eomes into foree. This Commission shall be
composed of fifteen experts on international law and assisted by a staff conversant
with ecology. The principal tasks of the Commission shall be to investigate al-

for Human
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legations of ecocide whenever made by governments of States, by the principal
officer of any international institution whether or not part of the United Nations
Organization, by resolution of the General Assembly or Security Council, or
by petition signed by at least 1000 private persons. The Commission shall have
power of subpoena and to take depositions; all hearings of the Commission shall
by open and transcripts of proceedings shall be a matter of public record. If the
Commission concludes by majority vote, after investigs g the allegations that
none of the acts deseribed in Article II1 has been committed then it shall issue a
dismissal of the complaint accompanied by a short statement of reasons. If the
Commission concludes, by majority vote, after investigating the allegations that
acts within the scope of Article II1 have been or are being committed then it
shall issue a cease and desist order, a statement recommending prosecution or
sanction of speeific individuals or groups, and a statement of reasons supporting
its decisions. The Commission shall also recommend whether prosecution proceeds
under national, regional, international or ad hoe auspices. Regardless of decision
minority members of the Commission may attach dissenting or concurring opinions
to the majority decision. In the event of a tie vote in the Commission, the Chairman
shall east a second vote. The Commisssion shall have rule-making capacity to
regulate fully its operations to assure full realization of the objectives of this
Convention but with due regard for the human rights of individuals as embodied
in the United Nations Declaration of Human Rights.

ARTICLE VI

The Contracting Parties undertake to enact, in accordance with their respec-
tive Constitutions, the necessary legislation to give effect to the provisions of
the present Convention and, in particular, to provide effective penalties for
persons guilty of ecocide or any of the other acts enumerated in Article III.

ARTICLE VII

Persons charged with ecocide or any of the other acts enumerated in Article
I1I shall be tried by a competent tribunal of the State in the territory of
which the act was committed, or by such international penal tribunal as may
have jurisdiction with respect to those Contracting Parties which shall have
accepted its jurisdiction.

ARTICLE VIII

Feocide and the other acts enumerated in Article IIT shall not be considered
as political crimes for the purpose of extradition.

The Contracting Parties pledge themselves in such cases to grant extradition
in accordance with their laws and treaties in foree.

ARTICLE IX

Any Contracting Party may eall upon the competent organs of the United
Nations to take such action under the Charter of the United Nations as they
consider :t]rll]'np]'i:lii‘ for the ]-1‘1'\I'I|.'lii-rl. and \1]||]:I‘t'~-i-|l| of acts of ecocide or
any of the other acts enumerated in Article 111.

ARTICLE X

Disputes between the Contracting Parties relating to the interpretation, appli-
cation or fulfillment of the present Convention, including those relating to the
responsibility of a State for ecocide or any of the other acts enumerated in
Article ITI, shall be submitted to the International Court of Justice at the
request of any of the parties to the dispute.

ARTICLE XI

The present Convention, of which the Chinese, English, French, Russian and
Spanish texts are equally authentic, shall bear the date of. . . .

ARTICLE XII

The present Convention shall be open until . . . for signature on behalf of any
Member of the United Nations and of any non-member State to which an
invitation to sign has been addressed by the General Assembly.

The present Convention shall be ratified, and the instruments of ratification
shall be (ivim:-ih-li with the Secretary-General of the United Nations.
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After . . . the present Convention may be acceded to on behalf of any Member
of the United Nations and of any non-member State which has received an
invitation as aforesaid.

Instruments of accession shall be deposited with the Secretary-General of the
United Nations.

\RTICLE X111

\!’!_‘x ‘ontracting Par V may at any tme, i-_\' notification addressed to the
-General of the United Nations, extend the application of the present
all or any of the territories for the conduct of whose foreign

relatic it Contracting Party is responsible.

ARTICLE X1V

On the day when the first twenty instruments of ratification or accession have
been de , the Secretarv-General shall draw up a procés-verbal and transmit
a copy of it to each Member of the United Nations and to each of the non-member
States contemplated in Article XII.

The present Convention shall eome into foree on the ninetieth day following
the date of deposit of the twentieth instrument of ratificat ion or accession.

Any ratifieation or accession effected subsequent to the latter date shall become
effecti e ninetieth |i:r_‘-. following the lll-]\l\-—ﬂ of the instrument of ratification
Or accession.

ARTICLE XY

The present Convention shall remain in effect for a period of ten years as from
the date of its coming into foree.

It shall thereafter remain in force for suceessive periods of five years for such
Contracting Parties as have not denounced it at least six months before the
expirati + gurrent |J|'!'I1‘(i.

D ition shall be effected by a written notification addressed to the Sec-
retary- neral of the United Nations.

ARTICLE XVI
If, as a res of denunciations the number of Parties to the present Convention
should become less than sixteen, the Convention shall cease to be in force as from

the date on which the last of these denuneciations shall become effective.

ARTICLE XVII

A request for » revigion of the present Convention may be made at any time
by any Contr r Party by means of a notification in writing addressed to the
Secretary-General, L 1

The ral Assembly shall decide upon the steps, if any, to be taken in respect

ARTICLE XVIII

reneral of the United Nations shall notify all Members of the

United Nations and the non-member States contemplated in Article XII of the
follow

La) ures, ratifications and aceessions received in accordance with Article
XI1I.

(b) Notifi ions received in accordance with Article X1II.

() The date upon which the present Convention comes into force in accordance
with Article XIV.

(d) Denunciations received in accordance with Article XV.

¢) The ¢ tion of the Convention in accordance with Article XVI.

) N tions received in accordance with Artiele XVI1I.

ARTICLE XIX
{ the present Convention shall be l]l"lltl~i[|-:i in the archives of the

f the Convention she e transmitted to all Members of the
and to the non-member States contemplated in Article X1I.
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ARTICLE XX

The present Convention shall be registered

retary-General of
United Nations on the date of its comin

& into foree.
B

Resolution relating to the study by the Internatio
question of an intern: liu-n al eriminal jurisdiction.
The General Assembly:

Considering lI]..t the rIJw usgion of the Convention on the Prevention and
Punishment of the Crime of Ecocide has raised the questior he desirability
and possibility of having | SOTLS rged with ecocide tried by a competent
international tribunal;

Considering that, in the eourse of development of the internati
munity, there will be an increasing need of an international judicial
the trial of certain erimes under international law;

Invites the International Law Commission to study
possibility of establishing an international judic
persons charged with ecocide or other erimes over
conferred upon that organ by international conver

Requests the International Law Commission in earrying
pay attention to the P mibility of establishing a Criminal
International Court of Justice.

mission o

ANNEX 2
Drarr Prorocor oN ENVIRONMENTAL WARFAR]

Considering that environmental warfare has been eondemned by publie opinion
throughout the world and that the deliberate destruction of the environment
disrupts the ecological basis of life on earth;

Mindful of the extent to which the future of mankind is linked with the r
development of protective attitudes toward environmental quality;

Conseious of the extent to which existing and prospective weap
of warfare, particularly counte rinsurgency warfare or reliance on nue
disrupt ecological patterns for long periods of time and destroy bene
ship between man and nature;

Recalling such prior expressions of eollective concern with the genera
of war as expressed in General Assembly Resolutions 1653 (XVI) and 2603A
(XXIV);

We, as representatives of governments and as citizens of the world community,
do hereby commit ourselves as a matter of conscience and of law to refrain from
the use of tacties and weapons of war that inflict irreparable harm to
ment or tii.~1'|]|:! fundamental ec ']ll'_:ll':'\i I':-J:|1il-li~hi|:.~;
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age and to call for appropriate reparations from the government(s) responsible
after the termination of hostilities:

We further appeal to the United Nations to convene promptly a world con-
ference to draw up an international convention prohibiting recourse to weapons
and military tactics designed primarily to destroy or m dify the human environ-
ment and to prepare a draft convention on Ecocide to parallel the Genocide
Convention.

STATEMENT OF REPRESENTATIVE BrLLA 8. ABzuG ror THE SUBCOMMITTEE ON
OCEANS AND INTERNATIONAL ENVIRONMENT OF THE SENATE CoMMITTEE ON
FOREIGN AFFAIRS.

Mr, Chairman, Members of the Subcommittee, I am pleased to have the op-
portunity to present my views on the issue of weather modification for military
purposes. Let me begin with two quotations:

Today, black is the dominant color of the northern and eastern reaches of
the Plain [of Jars]. Napalm is dropped regularly to burn off the grass and
undergrowth that covers the Plain and fills its many narrow ravines. The
fires seem to burn constantly, ereating rectangles of black.

That is from “Plain Facts”, an article by T. D. Allman which appeared in the
Far Eastern Economie Review of January 18, 1972,

There is evidence that herbicides can cause genetic damage:

Within the last two years, there have been numerous reports of increasing
birth abnormalities throughout South Vietnam, and photographs of gro-
tesquely deformed babies have begun to appear in Vietnamese newspapers.

According to “The Indochina Story,” written by the Committee of Concerned
Asian Scholars, and published by Bantam in 1970,

In addition to the horrors of napalm and herbicide, we are using geophysical
warfare in Vietnam, An article by Seymour Hersh in The Washington Evening
Star of July 3, 1972, quoted a former CIA agent as saying: “We first used that
stufl (zsilver iodide to seed the rain elouds) in about August of 1963, when the
Diem regime was having all that trouble with the Buddhists."” The former agent
continued, “They would just stand around during demonstrations when the police
threw tear gas at them, but we noticed that when the rains came they wouldn’t
stay on."”

As documented in the New York Times by Seymour Hersh, the middle 1960's
saw an expansion of the cloud seeding activities to the Ho Chi Minh Supply Trai-
in Laos. By 1967, the Air Force had become involved in the cloud seeding operal
tions. Yet the results weren't always as expected. One government official has
said, as quoted in the July 3 Hersh story, “Once we dumped seven inches of rain
in two hours on one of our Special Forces Camps.” Professor Jerzy Neyman,
director of the University of California’s Statistical Laboratory, who has headed
a Navy res :h project analyzing weather control experiments since 1965, “is
convinced . . . that eloud seeding does indeed yield significant results, but that
the results have often proved far different from what was intended . . ' I con-
sider that, indeed, the cloud seeding in Vietnam could have increased the rainfall
considerably,” (Neyman has said) “A substantial decrease could also have
occurred.”

Neyman also found that in Arizona, “during seven years of experimental efforts
to relieve drought by cloud seeding, the experiments yielded a significant loss of
rainfall over the Santa Catalina Mountain target area, and caused an average 40
percent loss of rainfall over an area 65 miles away.

Despite the unpredictability of cloud seeding, it still appears to be taking place
in Indochina. On March 18, 1971, Jack Anderson reported that “Intermediary-
Compatriot” a “hush-hush” project which “increased the precipitation over the
jungle roadways during the wet seasons . . . would be going on from May to
September 1971."

To go into somewhat more detail, Dr. Matthew Meselson, Professor of Biology
at Harvard University, has stated that:

It is obvious that weather modification used as a weapon of war has the
potential of eausing large scale and quite possibly uncontrolable and unpre-
dictable destruetion. Furthermore, such destruction might well have a far
greater impact on civilians than on combatants. This would be especially true
in arcas where subsistence agriculture is practiced in food-deficit are: s, and
j!i areas subject to fil lrwiilJLt.

The amount of dam: e we can do thre ru;_',h weather modification is tremendous.
Tests in Florida in 1968 and 1970 showed that seeded clouds grew explosively and
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produced more than three times as mueh rain as unseeded clonds. Other tests have
shown the inerease in rain produetion in seeded clouds could range from 30 %509
to as much as 10 or 20 times that amount. However, even a 509 increase can have
tremendous impact.

In their book, “ Ecological Effects of Weather Modification: A Problem Analy-
sis,” €. F. Cooper and W. C. Jolly refute many of the old theories on weather
modification. The false argument that weather control has little or no biological
effect beeause the amount of change is rejected. Instead, the authors state that
the weather modification combines with other ecological stresses such as air
pollution, herbicides, and lu--‘lji'iiil-s to cause a greater effect than the sum of the
individual effects. By using bulldozers, herbicides, and bombings, we clear hun-
dreds of kilometers of natural vegetation, thus destroving the water-holding

wity of the land. Adding the increased rainfall caused by weather modification,
the land is plagued with extensive flooding, loss of life, and soil erosion. This
destroys balance as well as the possibility of further vegetation.

Two other reports on the ecological damage done by weather modification,
“Hydrologic Consequences of Rainfall Augmentation” by Alan M. Lumb which
appeared in ““ American Society of Civil Engineers Hydraulies Divisions Journal™
of July 1971 and *‘ Possible Effects of Precipitation Modification of Stream Chan-
nels Geometry and Sediment Yield” by Albert Rango, published in ““Water
Resources Research” in December 1970, agree that increased rainfall causes
much land erosion and changing sedimentary patterns.

Weather modification alters the strueture of plant and animal communities due
to changes in three different biological rates in weather-sensitive species: reproduc-
tion, growth, and mortality. These changes may take several years to become
evident, but their destructive capacity is considerable.

The most widely used eloud seeding chemical is silver iodide, Agl. The silver
ion released from the breakdown of this chemical is one of the most toxic heavy
metal ions, especially with regard to microorganisms and fish, but the ion some-
times forms insoluble compounds harmless to animals, The silver from cloud
seeding will retard the growth of algae, fungi, bacteria, and fish in fresh water.
This in turn interferes with food and nutrient eycles and the return of nutrients
to the water. Other biological effects inelude changes in temperatures, oxygen
concentration, presence or absence of other cations, and |l“ {:ll'ifiil_\"]. So far as
we now know, the iodine ion in silver iodide poses no environmental danger.

According to the July 3rd Washington Star article, the use in Indochina of a
chemical agent, different from silver iodide, and only effective in warm stratus
clouds, has been cansing an acidie rainfall which affects trucks, tanks, and radar,
especially Surface-to-Air Missile (SAM) radar. This acidity also affects the pH and
thus the ecological balance of the ecosystems on which it is dropped.

There has been some dispute as to the suitability for seeding of the types of
clond patterns over North Vietnam. Some have said that the eclouds over the
northern part of Vietnam are stratus and therefore cannot be seeded successfully
with silver iodide. However, Mr. Donald Moore, Assistant Administrator of the
National Oceanic and Atmospheric Administration, has stated that he has seen
no significant difference in cloud patterns over various areas of Vietnam. Ile has
said that significant eloud pattern changes come with climactic, rather than with
minor geographic changes. During the monsoon season, cumulus clouds, which
definitely can be seeded successfully, prevail over all of Vietnam. Also, Mr.
Schloemer, the Assistant Director of the Environmental Data Service of N, O.
A. A.. has confirmed Mr. Moore's statement and has added that in the upslope
and mountain areas (which would include the Ho Chi Minh trail) there may be

109, or 159 increase in rain, which means an extra heavy rainfall.

rmore, even if they are not suitable for silver iodide seeding, stratus
an be seeded by means of the acidie chemical which I mentioned earlier.

On March 17, 1972, Senator Pell submitted Senate Resolution 281, expressing
the sense of the Senate that the United States should seek negotiation of a treaty
to prohibit the use of environmental or geophysical modification. I applaud and
support this action, but I do not think we can wait to negotiate a treaty. We must
end the indiseriminate killing and ecological destruetion in Indochina now, and
I will soon be introdueing legislation which would end the United States’ use of
geophysical warfare. I ask that the text of my bill be printed in the record at the
conclusion of my statement.

Congress must take the initiative. Inordinate power has been arrogated to the
President, t_il".“irilt' the fact that our Constitution establishes the power of Congress
to deelare war and to make military appropriations, We must—for the sake of the
American people and all humanity—reassert our constitutional responsibilities.




152

The only trouble with rain, as is pointed out in the Sermon on the Mount, is
that it falls on the just and unjust alike. The same cloudbursts that flood the
Ho Chi Minh trail also wash out the homes and fields of innocent civil
our responsibility to stop the use of weather modification techniques

of war.

A BILL To prohibit
POSes

Be it enacted by the Senate and House of Representatives of the
America in Congress assembled, that, notwithstanding any other provisio
none of the funds authorized to be appropriated by any Aect may be obligated or
expended
(1) weather modifie *In-rl activities (including, but not limited to cloud
seeding) as weapons of wa

(2) the type of 1.11\1|1--1 carried out by the Department of Defense in
Vietnam under the code names of Operation Sherwood Forests, Operation
Hot Tip, and Operation Pink Rose in which so-called fire storms or fires over
a large area were, or were empted to be, intention: i

3) entering into or earrying out any contract or : nent providing
agents, delivery systems, dissemination equipment, or instructions for the
military application of weather modifieation te que p deliberately
igniting so-called fire storms or fires over l: areg r military purposes
as described in clause (2)); or ;

(4) procuring or maintaining agents, delivery svstems, or dissemination
equipment for the purpose of modifving w ier conditions f ilitary
purposes, or igniting so-called fire storms or fires over large areas for military
purposes (as deseribed in clause (2)).

NATIONAL ACADEMY OF SCIENCES
Orrice oF THE Presn
Washington, D.C., July
Hon, CrnaiorNE PELL,
[7.8. Senale,
Washington, D.C.

Drar Bexaror Pern: Thank you for your letter of Ju
testify before the Subcommittee on Oceans and Infernati
the Senate Committee on Foreign Relations conecerning the prov
Resolution 281. As was indicated to Mr. Keaney e Comm
absence from Washington prevents me from being available to testify on July
I am, however, pleased to submit for your record a statement 1y personal
views on this proposed resolution. Although I do not speak offic  for the
membership of the Academy, I am confident that I reflect the views he great
majority of our membership.

S. Resolution 281 would express the sense of the Senate that the United Sta
Government should seck the agreement of other governments to a proposed
treaty which would prohibit the use of any environmental or geophysical modifi-
cation activity as a weapon of war, or the earrying out of any research or experi-
mentation with respect thereto.

At its annual meeting on 26 April 1972, the membership of the Academy
adopted a resolution urging that the United States evolve foreign poli
would deemphasize reliance on military foree, and employ our n: a
and technological eapability for the furtherance of human welfare, the world
over. That resolu ,-m reads as follows:

"“ hereas, the National Acade my of Sciences was chartered by Act of Congress
in 1863 to prov ide the federal government with advice on scientific and techno-
logical questions, and

‘i“]ll'l'l'.‘!“—-. such a charter carries with it the responsibility to offer its advice on
basie issues involving science and technology, the members of the National
Academy of Sciences meeting at the 1972 Annual Meeting therefore instruet
the President of the Academy to transmit the following resolution: The National
Academy of Sciences res) ectfully re quests the Preside nt and the Congress of the
United States to evolve foreign policies in which the deve lopment and application
of science and technology in industry, agriculture, and health for the furtherance
of human welfare are major elements, and reliance on military force, whether
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direct or indirect, is de-emphasized. The Academy stands ready to assist the
government in developing and implementing such policies and is eager to coop-
erate vigorously with scientists and technologists of other countries in furt hering

these goals.

The position of the National Academy on the deemphasis of military force as
an element of foreign policy is consistent with the proposed expression of the
sense of the Senate as contained in 8. Resolution 281.

I also would like to call your attention to a recent study completed under the
auspices of the Academy’s National Research Council. While not an official
expression of .\t':1(l--lli_\' views, the report of that study does give t-x[;n-.-;.-&iuu to
similar conecerns by a group of scientists who were selected for their individual
competence and judgment in these areas. Specifically, I refer to a 1971 report,
entitled * The Atmospheric Sciences and Man's Needs” prepared by our Committee
on Atmospherie Seciences.

This report identifies ways in which the atmospherie sciences can contribute
to important human needs and deals with the problems of public policy associated
with weather modification. The Committee concluded that in their view, the
common benefit of mankind would be best served if the United Nations General
Assembly were to adopt a resolution, ‘“‘dedicating all weather-modification efforts
to peaceful purposes and establishing, preferably within the framework of inter-
national nongovernmental seientific organizations, an advisory mechanism for
consideration of weather-modification problems of potential international concern
before they reach critical levels.,” This report also addressed the potential uses of
weather modification for military application. The following statement of that

ort has direct relevance to your consideration. “In view of the unity of the
[ al atmosphere and the complexities and technical uncertainties of the subject,
efforts to use weather modification for military advantage would be likely to be
ineffective from the strictly military point of view and would at the same time
offer the world increased tensions a ull new dangers.”

My personal view is that any large scale intervention in natural energy-transfer
processes, whether in the atmosphere, the oceans or beneath the earth’s crust,
would be highly irresponsible because of our limited understanding of such proces-
ses and the results thet might oceur by such an act. History has been a constant
witness to the eontinuing and appalling refinement by mankind of the instruments
of waging war. The recent exponential acceleration of this process, through the
application of modern technology, seems hardly to have deterred the willingness
of mankind to further refine this process of international violence. Thus the objec-
tives sought in 8. Resolution 281 for constraining, through international agreement,
experimentation in new uses of technology for developing weapons of war should
be given high national priority by the U.S. Government.

Our recent successes in international control, i.e., nuclear test ban, restriction
on and uses of chemical and bilogical warfare, and strategic arms control, should
most certainly be extended to cover these additional areas of military intervention.

[ am aware of those who argue that biological weapons are more “humane’”
than flamethrowers, TNT, or nuclear weapons, who suggest that induced rainfall
that immobilizes the delivery of supplies, is preferable to aireraft dropping laser-
guided bombs. And, to honest men, the argument is troubling. But it is surely time
that mankind called a halt. It is grotesquely immoral that scientific understanding
and technological eapabilities developed for human welfare to protect the publie
health, enhance agricultural productivity, and minimize the natural violence of
large storms should be so distorted as to become weapons of war. We are already
sufficiently proficient at killing one another, we have already unleashed immense
foreces we can scarcely control.

The task before mankind is to regain that control, not only to ““ convert the sword
into the plowshare,” but to prevent the conversion of newly available or potentially
available plowshares into yet newer swords. Before it is too late, our nation, for
many years ‘‘the last, best hope of man,”” should return to its almost abandoned
position of international moral leadership. An important set of beginnings has
already been made, as noted earlier. And the recent agreements resulting from
SALT and the President’s accomplishments in Moscow are heartening indeed.
The self-denying ordinance to avoid the use of growing understanding of the great
physical forces operative in the continents, the oceans, and the atmosphere,
would be entirely consonant with regaining our own national self-imag » and with-
out damage to the national security.

Thus, I am pleased to advise of my accord with the goals and objectives which
vou seek to achieve through the enactment of Senate Resolution 281. I would defer,
of course, to others who are more qualified concerning the precise legal wording
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or form which such an international agreement should take. In line with the posi-
tion adopted by the membership of the National Acadi n_\. you may be sure that
we stand ready to utilize the scientific and technological resources available to us
in supporting the purposes set forth in the proposed Senate resolution.
Sincerely yours,
Praiuip HANDLER,

President,

_(Excerpt from First Annual Report to the President and the Congress bs
National Advisory Committee on Oceans and Atmosphere, dated June 30, 19
transmitted September 27, 1972.)

WEATHER MODIFICATION

Both deliberate and inadvertent weather modifications are possible today.
Potential benefits and potential risks are great and raise grave social, legal, eco-
nomie, and jurisdietional issues. In this section NACOA discusses the effort it be-
lieves desirable in: legislation to define rights, responsibilities, and a sense of
purpose; research to hasten and extend our abilities to reduce i; and inter-
national agreement to promote peaceful uses of weather modification and to
eschew its hostile uses.

ON THE THRESHOLD OF ENVIRONMENTAL CONTROL

NACOA is persuaded that we stand on the threshold of a new era of e
mental control. The scientific literature indicates today, that under
limited conditions, man can increase or decrease rainfall, inerease or decrea:
snowpack in the mountains, and clear fogs over runwayvs and highways. Claims
of suppressing hail in the Soviet Union are impressive. A large-scale effort is
now being mounted to develop better methods of hail suppression in the United
States. The capability to l{itnini*h the force of a hu ine I|1nltl'1| not the ability
to steer it) seems to be near at hand. Further research and development make it
likely that some of 1mi|\ s limits mnn~ will soon be removed and man may before
long deliberately exert an even greater influence on the weather. These develop-
ments require our serious attention now.

Our ability to treat these problems has been increased by advances m ms i!]ll -
matical modeling of atmospheric processes, increases in the speed
of computers on which these models are run, and new forms of instrumentation
Delivery stems for cloud seeding (rockets, land-based and airborne nuclei
generators) and predictive methods for loeal meteorological eonditions are being
rapidly developed. These advances make !m\-\ghlv methods of measurement and
diminish the reliance on a long expensive series of statistical observations which
seek to filter a faint signal from a large background “noise.” The result is an
acceleration of the entire field.

While our eapabilities and understanding are growing, so are the dangers. In
S0me parts of the United States operational weather modification has been earried
out for nearly twenty yvears and operations are also being carried out in
foreign lands. The results are often unrecorded or unpublished. There is also
increasing concern that man’s activities inadvertently affect the weather and
thereby modify the elimate. The more we have learned about deliberate weather
modification, the more reason we have to be coneerned over the inadvertent
effects of various substances now being released into the atmosphere. These ef-
fects can extend to the global scale as well as being local in nature,

The potential benefits from weather control and conscious elimate modification
are very large. So are the potential risks—particularly from inadvertent climate
modification. Furthermore, any technique enabling man to control large-scale
phenomena necessarily raises grave social, legal, 'onomic issues where effects
extend across state and national boundaries. There is still time to address these
issues rationally before operational weather modification grows at a pace which
forces hasty moves. This opportunity should not be wasted, and NACOA be-
lieves that the time has come to take action along several broad fronts.

RECOMMENDATIONS FOR ACTION
NACOA sees five areas in which action is required.

Legislation.—Legislation to define its and responsibilities of citizens, the
States, and the Federal Government is needed promptly. So is legislation to define
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means for regulating and licensing private n;n-!';L1nr~, organizational responsibility
in the Federal Government, and above all, a sense of national purpose. More
specifically, legislation is needed to designate u~[1-r11 sibility in ameliorating those
wednther disturbances that |nm1|[u |ni]|h: states of emergency, to ests ablish the
procedures under which the Federal Government and its employees may legiti-
mately modify the weather, to define the rights and responsibilities of commercial
weather modifiers, and to designate re =|.rll]l-|h||"\ probably Federal) for monitor-
ing inadvertent weather modification. Regulation is also badly needed, but the
issue of separating the responsibility for regulation from promotion of operations,
always delicate, deserves more study.

Research and Technology.—Development of the technology by which precipita-
tion can be increased, deereased, and redistributed should be stened through
increased funding for basic research in cloud physics and the optical properties of
particulates, for computer modeling, experiment design and field work, and the
development of remote-sensing devices (e.g., satellites and Coppler radar).

Hurricanes.—Research and development of the technology to mitigate the
effects of hurricanes should be accelerated. This may involve moving Projeet
Stormfury from the Atlantic to the Pacifie, where the greater incidence of this
ype of storm makes the cost-effectiveness mueh higher.

Public Policy.—A detailed publie examination of the policy issues inherent in
weather modification should be undertaken. It seems clear that operational
weather modification will open the way to substantial social benefits, but the
matter of potential social losses cannot be dismissed out of hand. Inereasingly
the question will be asked “ Whe benefits from weather modification?” All major
consequences of large-scale operational programs should be assessed in advance
of their implementation. NACOA believes both national and inter ional report-
ing svstems should be developed. Rarely—if ever before—has there been a more
attractive opportunity for creative thinking and planning regarding the impact of a
potential technological development upon international relations. This opportun-
ity should not be lost.

I'nternational.—International agreement should be arrived at and the necessary
institutional arrangements rl1-\':-|<r|:|¢i] to eschew the hostile uses of weather mue vdi-
fication and to investigate inadvertent changes in the global elimate. The Global
Atmospheric Researe h experiment now planned for 1977 can, th some other
activities during that period, prov ide a superb tool for analyzing the vital inter-
action between long-term oeeanie changes and natural or man-made eclimatic

5. It may be desirable to have an mternational :‘1:11?’--!'l‘|\f'v. say in 1974, to
discuss issues such as promoting the peaceful use of weather modification and
possible collaborative efforts in inadvertent weather modification. The national
]:ll'“l‘:lil‘l'_\' til-tlil':nl'd to weather modificatic M, propose vd h\ ! .\ itional Acader ny |r|
Seiences study, should be internationalized,

NACOA wishes to associate itself with the position taken by the National
Academy of Seiences that in order to safeguard the life-sustaining properties of the
atmosphere for the common benefit of mankind, the U.S. Government is urged lo
prese n.f for adoption by the Uniled Nations General Asse mf fr.f a resolution dedicaling
all weather-modification efforts to peaceful purposes and establishing, preferably within
the framework of inlernational nongovernmenlal seienlific organizalion, an advisory
mechanism for consideration of weather-modificalion p."rn‘r;"f ms of potential inle rnalional
concern before they reach critical levels.

HISTORICAL BACKGROUND

Before discussing existing efforts and suggested changes in more detail, it is
useful to review briefly the history of weather modification and how we got to
the present state. The era of scientific weather modification began in 1946 when
Vincent Schaefer and Irving Langmuir demonstrated that it w possible {o
initiate precipitation by dropping pellets of carbon dioxide from an airplane into
a cloud composed of water droplets at below-freezing temperatures, This dramatie
development led to Project Cirrus, a broad theoretical and field program intended
to establish a strong scienti ba for cloud modification. Perhaps the most
important scientific finding was that silver iodide erystals were as effective as dry
ice in transforming supercooled clouds into ice-crystal clouds, and thence to rain.
More spectacular—and more controversial—were (1) an experiment with seeding
a hurricane off the coast, with inconclusive results and (2) experiments by Lang-
muir that convinced him (but very few others) that periodic seeding of the
atmosphere with silver iodide in the ~'u||1h\\" stern United States produced corres-
ponding periodicities in the rainfall 2,000 miles to the east.
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Enough interest was stimulated by Project Cirrus to set in mofion two other
agency projects. The first was the Cloud Physics Project under the auspices of
the U.S. Weather Bureau, the Air Force, and the National Advisory Committee
for Aeronautics, conducted from 1948 to 1951. The second was a 5-vear Depart-
ment of Defense project which began in 1952. These serious efforts yielded in-
conclusive results because of their brevity, the primitive state of the art of
instrumentation, and partly because the design of the experiments was not
sufficiently sophisticated to filter out the natural variability of the atmosphere.

.\I";l”‘ 'ill'..:l ijl'Tl'I']]]‘[]Il'(l !Hlil[l ||;. ]II"]I'I‘:"]}I':il':ll "!!‘]'f'ili'l‘Tll"l!'.‘; lnl]\‘l"li iT] :|I:l‘i
succeeded in placing nearly ten percent of the land area of the country under
commercial seeding, from strategically located silver iodide generators, at an
annual cost of between 3 and 5 million dollars, The movement spread to 30 other
countries.

Sufficient interest and controversy were generated by these results that Congress
established in 1953 an Advisory Committee on Weather Control to study and
evaluate the results of private and public experiments. Its report issued in 1958
was eautiously optimistic, concluding that increases of 10 to 15 percent in rainfall
were induced by seeding spring and winter storms in the mountainous areas of the
western United States. More long-term research was recommended with special
responsibilities being assigned to the National Science Foundation. The Advisory
Committee report was subjected to considerable attack, primarily on statistical
grounds. However, the NSF did mount a modest but sound program of funda-
mental research and field experimentation, which laid an important basis for the
next decade. Asa result of extravagant claims and questionable practices by a few
commercial cloud seeders, and controversy on statistical interpretation of experi-
mental results, the field did not flourish during the early 1960's.

A two-pronged study was initiated in 1963 and 1964, by the National Academy
of Sciences and a Special Commission of the National Science Board. Their reports,
issued early in 1966, were moderately optimistic. The conelugions of the 1953
Advisory Committee that the order of a 10-percent increase in precipitation e
be expected from seeding orographic storms in western United States were sub-
stantiated. Subsequent studies by the Academy and the Interdepartmental Com-
mittee for Atmospheric Sciences have reinforced early findings.

PRESENT STATE OF THE ART

For certain meteorological conditions the evidence is persuasive that it is
possible, to inerease precipitation by substantial amounts and on other oceasions
to deer » precipitation by substantial amounts.

There is ambiguous evidence that the effects of seeding may influence pre-
cipitation at points 100 to 200 kilometers from the site of the seeding. This matter
must be elarified.

It now appears possible to aequire the additional knowledge necessary to
predict the effects of seeding on a wide variety of cloud types and systems (con-
vective, oro phie, stratiform, migratory storm systems, ete.) in different
geographic areas from res bly realistic computerized cloud models.

-‘“Hl]"l'i'flilli'li fog can be dissipated on an -lpr'l':illu'.-.;:'l basis.

There is enco 4 evidence that hail can be -'I|.]|]nr‘l'--'.'ti.

There is encouraging evidence that the intensity of winds in a hurricane can
be reduced.

There is evidence that further development will lead to operational techniguies
for decreasing the frequency and duration of cloud-to-ground lightning dis-
charges, with a subsequent reduction in forest fires.

Advanees in remote-sensing |<-:~h||ia!1u-~: are the first steps toward methods to
modify tornadoes.

No completely aceepted technique yet exists for dissipating warm fog, but the
the |)H11':|Ti:|l economic benefits and the encouraging 1Jt‘u.~ju'\'i.-& of such a capa-
i'i!il_\' warrant further research.

The prospects of inadvertent modification of weather and climate by changing
the chemieal t'-‘:u]lu-éliun of the :[I11|->.-i|]1[‘1':-, the p:iﬂi‘ll' ['ll!ll“’“”".‘l‘iil]].I‘T'III\:
the discharge of heat are so real, and so likely to be realized within a matter of
decades, that a major program of research appears to be warranted.

Weather modification issues now reach to the stratosphere. It has been suggested
that exhaust emissions from S8T’s may decrease the ozone concentration at high
altitude and lead to an increase in ultraviolet radiation at the Earth’s surface.
Fortur itely, the WAay appears clear to resolve this question before SS8T's are
operational.




Ongoing nalional projects

The Federal programs in weather modification are coordinated under the Inter-
departmental Committee for Atmospheric Science (1CAS) of the Federal Com-~
mittee for Seience and Technology. A number of the research projects representing
voluntary combinations of resources of several of the interested Federal agencies
are National Projects. They include snowpack augmentation, surface-wind reduc-
tion in hurricanes, increase of natural rainfall in areas where needed, reduction
of damaging hailfall, -|)]'|-:Lri]||:; hes vy ( ‘reat Lakes snowfall over a wider § ]
improving visibility in warm and cold fogs. Though ageney funding for we
modification has Iately been increased—in the last years from $16 million
(FY ’71) to $20 million (FY timate) to $25 million (FY '73 Budget)—the
projects have characteristically been inadequately coordinated, underfunded
through fragmentation, often not backed up by basic research, and undertaken
with ohsolete equipment. This is not a criticism of any specific pr jeet, but of the
lack of central planning and execution.

SOME POTENTIAL BENEFITS

Although too much reliance should not be placed on benefit-to-cost analysis,
attractive ratios are already being achieved in some areas of weather modifica-
tion. The Southern California Edison Project in the upper San Joaquin River
Basin in the Sierra Nevada range has been operated continuously every winter
since the 1950-51 season. Although the exact figures are proprietar the meteor-
ologist in charge reports that annual runoff has been increased 8 percent over the
lifetime of the project.! Bureau of Rec amation studies indicate something like a
10 to 1 ratio of benefit-to-cost for orographic precipitation enhancement of this
sort.? However, these operational programs are limited in number and have
remained relatively constant through many years. Many programs having large
potential benefits at attractive operational costs are not opera ional today due to
limitations in the present technology. This translates to limitations on the re-
sources (laboratory facilities, scientific manpower, instrumented a aft, com-
puter time, ete.) necessary to improve the technology .

{ail suppression has been operational in the USSR for many years with reported
benefit-to-cost ratios of as high as 17 to 1. Lightning-caused forest fires produee
losses in excess of $100 million annually and destroy valuable forests. An opx
tional technique for lightning suppression is expected to yield a benefit-to-cost
ratio of at least 5 to 1. A semioperational program in Alaska now beginning its
fourth season reflected this ratio in the 1971 summer season. Cold fog dispersal
over airport runways is now operational, where this type of fog is prevalent, with
a return in benefits six times the cost of the program. Warm fog is even more
prevalent, and it seems likely that a similar benefit-to-cost ratio will be attained
when the operational techniques for its dispersal are perfected.

It is estimated that the hurricane modification program alone, when operational,
would cost about $5 million annually and could reduce property damage and
related costs by $100 million annually, a benefit-to-cost ratio of 20 to 1.

There is another vast area which suffers a shortage of annual precipitation,
reaching drought proportions in far too many years. This iz the northern Great
Plains area of the country. In this region, where summer rainfall is both scanty
and sporadie, crop-production technique is based on trapping a portion of 1 year's
rainfall to help support grain production in the subsequent year, and one crop is
produced each 2 years per unit of land area. On the basis of soil quality, the
potential exists for annual erops given a modest increase in rainfall. This area,
which has been largely ignored by the Federal Government in its weather modi-
fication program, should be explored.

TECHNICAL OBSTACLES TO PROGHESS

Progress in any technical endeavor depends upon our theoretical understanding,
our ability to measure, our facilities for experimentation, and our ability to mount
and manage large-scale field experiments. We have made significant progress in all
four areas in the last decade.

communication from Robert D. Elliott, North American Weather Consultan ta Barbarm,

1 “Some Conslderations of Benefit-to-Cost Relationships Regarding Use of Weather Mod
Loren W. Crow, April 7, 1872, Contract to NOAA, LWC #r,
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Understand

In order to make progress in the National Projects and other applications of
weather modification, deal more must be learned about the natural
weather = and I these processes can be modified to bring about the
desired x¢b. SBo 1 » areas where measurements are essential include:
origin, ( rtion, § wtural ice nuclei; modes of nucleation, optimum
particl #ze and numbers, advertent sources of artificial ice nuclei: dete
counting, an ariability of natural cloud econdenzation nuelei: inadvertent
sources of ar densation nuclei; water vapor, liquid water, rate of
riming, clo ete.; ice er al type and size: and temperature in cloud,

vertical and horiz al flow, electrical field, ete.

I'n umentalion
The key to inereasing our knowledge of the processes involved is accurate
measurements of all of *» needed information. This requires development of
mstruments and the means to test and calibrate these inst ments under actual or
simulated conditions. The priority arveas requiring attention are: (1) airborne
instrumentation that can rapidly and accurately provide measurement of the
type discussed in the preceding paragraph; and more effective nucleating agents
and more it methods of ting the nueleating agents into the target area
Significant progress has been made in recent years in satellite technology
and in remote sensing from aircraft and from the ground. NOAA's coming high
resolution geostationary satellite and its developments in Doppler and optieal
radars and other remote-sensing techniques will make significant contributions
to the advancement of the technology of weather modification. Satellites and
remote sensing should be able to tell us something of the physical changes taking
place within the seeded cloud and thus aid in the evaluation of field experiments.
In the final analysis, however, it is the precipitation on the ground and the
runoff into the rivers s eservoirs that count where preeipitation enhancement
is the . Measuring - difference in precipitation and runoff between
seeded and unseeded areas continues to be the best hope for assessing results,
st improvement in this area is needed. Here radar, in combination with

'3, represents the primary hope,

FACILITIES

ime investment in facilities will be required in order to support
the developmer rrams. The more important of these include:

Cloud chambers to stimulate the natural environment to enable the study of
the natural processes involved and how they are affected by artificial stimulation.

A test and ey wtion facility. NOAA has in operation the analog to what is
neaded here, ie., ional Oceanographic Instrumentation Center. Here new
instrumentatio eloped by both public and private organizations are tested
in modern facilities, and rep are issued as to their accuracy, reliability, main-
tainability, etc. The Center provides a  calibration serviee to both public
and private zations. Such a facility is urgently needed in the weather
modification field.

Modern well-instrumented aircraft. A majority of the needed aireraft already
exist in the private sector. The Federal Government need only be concerned with
providing the minimum number of heavy aireraft equipped with sensing and
recording systems, radars, and seeding capabilities required of the program.
NACOA notes with concern the need to cancel NOAA's planned move of its
hurricane modification project (Project Stormfury) to the Pacific for lack of
such aircraft.

rperimental i

As discussed previously, the Federal agencies are currently engaged in a va iety
of field p rams. In almost every case the field programs are restricted by limited
ind or another to the point where the programs are suboptimal

en at asnail’s pace. One would hope that the primary objectives
of Federal programs to enhance rainfall, eliminate fog, and suppress hail and
lightning would be the transfer of this technology to the private sector where it
could produce an expansion of existing industries and create new ones.
What is badly needed is a field experiment which brings to bear all of the
resources that ean contribute to the success of the experiment. The experi
area might be somewhere in the Great Plains and should operate on a year. d
basis. Experiments should be carried out with summer cumulus, winter upslope
stratus, and winter migratory storms. The program should employ the latest in




meteorological catellite and remote-sensing technologies, well-instrune nted
aireraft, and an increased density of surface, upper air, and radar observations
of the National Weather Service. The emphasis should be on providing the tools
necessary to fullv measure and observe the phys and dynamic changes takin

place both naturally and under the
be made to determine results through direct
cloud. In addition, the experiment should be desig
optimum conditions for a st wistical evaluation (e.g
The technologies developed by NOAA in Florida with dynamic seeding of tropical
cumulug, by NOAA with seeding of low stratiform clouds over the Great Lake:

and by Bureau of Reclamation yported programs in the Dakotas and Texas
provide the initial groundwork for this effort. The field experiment should be
concentrated in an area less than the size of a State. From this experiment should
come the basic knowledge which is needed for most phases of weather modification.

influence of seeding, Maximum effort .-tsn-ij[rI

observation of the changes in the
. in such a way as to provide
random crossover design).

INSTITUTIONAL FACTORS AND REGULATION

Weather modification today within the Federal Government is carried out by
seven agencies to meet their individual mission needs. The Department of Trans-
portation is concerned with the effect of fog on airport operations, the Depart-
ment of Agriculture is concerned with the reduetion of lightning-caused forest
fires, the Department of the Interior is interested in increasing the water supplies
in the West, and the Department of Commerce is interested in abating hurricanes
and other severe storms and in reducing or increasing precipitation for a wide
variety of purposes. What is lacking is a central focus for the overall effort. Some
his direction with NOAA having been assigned re-
. weather modification activities within the coun-
try, both Federal and non-F al. More importantly, though, is the need to
have a single Federal ageney responsible for taking the lead in development
of the technology of the overall program. The present fragmented approach is
moving the country ahead in weather modification in an erratic fashion.

erte hasie facilities and servieces which represent common neec
| programs do not exist, Instrument development programs are critical
gress in weather modifieation, yet no foeused program in this area is in
evidence. There is a strong need for a central Federal facility to test, evaluate,
and calibrate instrumentation and equipment used in field experiments. Again,
no such facility exists, The lead ageney should be responsible for doing the type
of field experiment recommended for the Great Plains area. It should foeus on
drawing on the research results of the NSTF and other Federal agencies and
testing these in an op ional environment. The end objective would be a feed-
back to the mission-oriented programs of the other Federal agencies, and a
technology transfer to the private weather modifieation sector.

There is an immediate need for some form of regulation. As the Federal Govern-

resources in major field projects such as the National

progress has been made in
sponsibility for monitoring

is of most

ment invests increasing
Hail Research Experiment and the Great Plains project, it becomes imperative
{hat these experiments not be compromised by other seeding activities on their
peripheries. To illustrate the problem, there recently was a test carried out to
determine whether a seeding program upstream of 2 field project could be affecting
the project. The results showed that 20 to 30 percent of the seeding agent intro-
duced 100 miles upstream wi ctually contaminating the field project. In addi-
tion, the National Science undation has reported that two major weather
maodification projects supported by the NSF in the western United States were
seriously compromised by unregulated cloud seeding in the vicinity of the projects.
In one of the cases, the Foundation investment of over a quarter of a million
dollars was negated by the 1 f regulation.

Regulation at this time should be the minimum necessary to ensure that critical
Federal experiments are not vitiated as a result of contamination by a nearby
seeding activity and to ensure that all commereial operators are licensed and meet
certain specified standards to protect the populace from unsafe seeding procedures.

EVALUATION

Experimental weather modification is an activity that does not lend itself to
demonstrating a precise connection between actions and outeomes. The aceuracy
of assessment after the fact ean be increased by better use of advanced instrumen-
tation such as geostationary satellites, modern radars, computer models aireraft
probes, nuclei counters, etc. However, even with the best of instrumentation it is
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impossible to measure all variables over a region of several hundreds of square
miles, Hven with unlimited funding, exact evaluation of an experiment is not
possible. In the case of operational weather modifications, there are economic
limits to the instrumentation that can be afforded. Therefore, decisions regarding
operation must be made with only part of the data at hand. Whether the missing
data are of serious consequences depend upon the specific cireumstances, If
operational weather modification is to be more generally applied, the decision
making apparatus for determining when and how to permit operations needs to
be improved.

Therefore, NACOA wishes to emphasize need to integrate statistical and other
analytical approaches (most computer modeling) to reduce the uncertainty in
evaluating the efficacy of weather modification. NACOA urges all agencies that
sponsor research and development in weather modification, and all those who con-
duct operations, to explore and utilize both statistical and nonstatistical tech-
niques and to conduct studies designed to bring these approaches together.

(Excerpt from Comments and Recommendations of the Secretary of Commerce
on the First Annual Report of the National Advisory Committee on Oceans and
Atmosphere, transmitted September 27, 1972.)

WEATHER MODIFICATION

I believe that NACOA has correctly assessed the exciting outlook in the field of
weather modification. There is no question that developments of the last decade
have put us on the threshold of weather control. To realize the potential of this
new technology, the Committee urges action in the field of legislation, research
and technology, hurricane control, publie poliey and international relations.

I welcome both the Committee’s analysis of the present status of weather modi-
fication technology and its many recommendations for action. The present national
plans for development of this field closely follow many of the s stions of the
Committee. The public policy positions, especially as they relate to the inter-
national aspects of weather modification and our posture in this field, are being
studied by the Administration. The Committee’s views on these matters will be
considered in the course of these studies.

The need for Federal legislation to define the rights and responsibilities of
citizens, States, and the Federal Government; to establish regilatory mechanisms
and liability provisions; and to proteet the public is strongly supported by NACOA .
Along these lines this Administration recommended legislation that has been en-
acted requiring the reporting of all weather modification activity to the Secretary
of Commerce. I welcome the views of the Committee concerning the need for
further l ation.

The analysis of national needs for research and technology in weather modifiea-
tion is a balanced and comprehensive treatment. The findings and recommenda-
tions offer a sound basis for further development of the national effort.

The review of the technical obstacles to progress in this field provides a fra
work for organizing our scientific effort, directed at understanding eritical physics
processes, and for our technological development effort in instrumentation and
facilities. The call of the Committee an expanded field effort in the Great
Plains region of the United States is welecomed, and initial plans for such an effort
are being prepared.

Some concern has been expressed by NACOA about the fragmentation of effort
among the many agencies of the Federal Government, and NACOA recommends
that a single Federal Agency take the lead in the development of the technology of
weather modification. I agree with this recommendation for establishment of a
central focus within the United States Government for carrying out research and
development in all phases of weather modification. However, 1 believe that weather
modification technology should remain available for use by all agencies of the
Federal Government in the discharge of their mission responsibilities. It would also
be unwise to divorce the necessary supporting research that would be required for
the application of weather modification techniques from the agency with respon-
sibility for such application.

The Committee has given special attention to the national effort in hurricane
modifieation. I agree that this effort represents one that must be fostered at an
accelerated pace. I welcome the views of NACOA on this issue, as we develop our
plans for this effort.

The Committee’s concern for the public policy issues is deeply appreciated.
Weather modification carries with it the potential for social gain, but not without
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the threat of concomitant social losses. It is clear that careful technological
assessments of the consequences of the application of weather modification are
required before decisions for widespread use are made. There is no quest ion that
we do not know enough at the present about many of the public poliey issues
involved, and they require continuing study. Studies are already being sponsored
by the Ni Science Foundation and NOAA.
ation that weather modification has eritical international implications
phasized by NACOA. The Administration is conscious of these im-
plications and welcomes NACOA’s views on these matters. It is the policy of this
Administration to foster international collaboration in this field to the maximum
extent possible. We are moving to follow up the recommendations of the United
Nations Conference on the Human Environment held in Stockholm this year for
the monitoring and study of inadvertent weather modification in cooperation with
other nations. We are working closely with all nations of the world on the World
Weather Program and its research phase, the Global Atmospheric Research
Program. We are continuing our exchanges of scientists with the Soviet Union and
other countries in many phases of weather modification, and are extending as-
sistance to developing countries in those instances where weather modification
appears to be a useful tool in ameliorating weather-related problems.

U.8. Positios PareEr o8 REcommeNpaTiON T11-218
1972 UN CONFERENCE ON THE HUMAN ENVIRONMENT—POSITION PAPER

Subject.—Identification and Control of Pollutants: Climate: ITI-218

Recommendation.—1It is recommended that Governments be especially mindful
of activities in which there is an appreciable risk of effect on climate, and, (a) care-
fully evaluate the likelihood and magnitude of climatic effects and disseminate
their findings before embarking on such activities, (b) consult fully other interested
States when activities carrying a risk of such effects are being contemplated or
implemented.

U/.8. Position—The USG has submitted to the Conference Secretariat two
editorial changes which if accepted would modify the above recommendation to
read as follows:

Recommendation.—1t is recommended that Governments be especially mindful
of activities in which there is an appreciable risk of effect on climate, and, (a) care-
fully evaluate the likelihood and magnitude of climatic effects and lo the mazimum
exlent feasible, disseminate their findings before embarking on such activities, (b)
consult fully other interested States wherever practicable when activities carrying

i f such effects are being contemplated or implemented.

e Conference document does not reflect the proposed U.S. amendments,
» should propose such amendments.

His reasons as to (a) should be that as currently worded the recommendation is
to some extent unrealistie since the mechanisms by which man's activities might
affect climate are largely not known. Hence, the insert—to the mazimum extent
feas before “digseminate’ their findings.

Amendment to (b) should be similarly supported accompanied by a statement
that with regards to possible international effects of activities such as weather
modification that might affect climate, the U.S. practice has been to notify and
consult with possible affected State’s governments to the maximum extent
practicable.

If amendments fail then Delegate should not support the recommendation unless
he makes a statement to the effect that the recommendation is unrealistic because
it fails to take into account the imperfeet state of our knowledge as to mechanism
by which man’s activities might affect « e, and this in turn affects the abilities
of Governmentis to do more than what is feasible and practicable in meeting all
the terms of the recommendation.

ssion—The [7.8. practice with regard to possible international effects of

activities such as weather modifieation that might affect climate has been to notify

and consult with possible affected State’s governments to the maximum extent

‘ensible. In certain cases, plans have been materially altered to accommodate
other government’s fears of possible untoward effects on their territories.

is of the global atmospherie monitoring network data is required to eval-

eets of changes in atmospherie composition on climate. For example,

sady collected at baseline monitoring stations, principally at Mauna Loa,

aii, show that atmospheric CO; has increased by approximately 3.4% (from

312 to 323 ppm) between 1958 and 1971. There is no general agreement within

the scientific community as to precisely what effect such a change in CO;4 content
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